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[YRAFT - dous not represent DEF position

January 10, 2008
To: David Liuvell, Commissioner
From: Andrew Fisk, Bureau Director, Land & Water Quality

Re:r DEP standards on noise and shadow flicker at windpower projecls

Notse standayrds

The Dupartment has extensive sxperience with its noise regulations (06-096 CMR,
Chapier 375) which are administered under the provisions of the Site Location of
Development Act. These rules have been in place since 1979 and have been applied to
hundreds of different types of projects around the state. These rules were developed to
consider a wide range of activities thal generate different types of noise in different
settings. The rules were consciously designed to consider many different types of
developments, rather than be particular to any one type of noise or development. That
said, there are rules and ordinances that have been developed for particular types of

projects, including wind power projects. &

Following the issuance of the Site Location permit for the Mars Hill windpower project,
which required the submissien of detailed predevelopment wind studies, the Department
worked with the owners of the facitity to scope and then review a post-deveiopment noise
study. This monitoring work began in spring 2007 and is continuing through the winter
of 20G8. The results of this ongoing assessment of the noise generated by the project
have bezn reviewed by the Department as well as a consultant hired by the Department (o

peer review the work of the applicant’s consultant.

b, As aresult of the consultant’s assessment of other existing noise rules developed for
windpower;projects; the Department’s experience with its own noise regulations; and the
peer review of both pre- and post-development noise studies at the Mars Hill site, the
Depariment has developed a number of specific conclusions and recommendations
regarding the applicability of the notse rules to wind power projects.

Shadow [licker

There has been some comment provided to the Department that wind turbines have
caused impacts on private residences from shadow flicker when sun shines behind an
operatinig turbine. Maine’s northern latilude may make wind power projects susceptible
1o causing irritating shadow flicker as a result of low altitude sun during certain times of
year. Shadow flicker is described as “moving shadow on the ground resulting in
alternating changes in light intensity” and has been noted to cause concern in Northem
Europe (NRC 2007). The NRC report notes that there is available modeling software that
allows lor shadow flicker to be assessed and mitigated in the layout and design of
windpawer projects that are near developed areas.



DRAFT —does not represent DEP position

C onclusions & recommendations

1. 2 Except for one clarifying chan ge outlined below, the existing statute and rules are
sufficient to allow the Department to regulate the noise effects of wind power
turbines. DEP's noise rules conform with the stated best practices of the
Mational Research Council’s 2007 report on the “Environmental Impacts of
Wind-Energy Projects.”

3.4 Revise Chapter 375.10 (E) to.provide the Commissioner with the authority to
“wstablish any reasonabie requirement to.ensure that the developer has made
adequate provision for the.contrg] of noise . ¥4 Present language limits that
authority 10 the Board of Environmenlal Protection (BEP) enly,

.% Noise generated from wind turbines does have attributes that warrant particular
focus. in the review of projects; including the low-frequency modulating noises
generated as turbine blades gass by towers.

4 ¢ Anal ysis of ambiént noisergenerated by wind rust be carefully evaluated with
specific equipment in pre-déyelopment and pest-developmeat monitoring so that
it is.not considéred.a compoxient of noise generated by a wind turbine.

§. < Post-monitoring studies require careful placement of monitors that account for the
effects of topography, prevailing wind (at both ground and turbine levels).

G- 4 Post-monitoting studies;must,be conducted duging operational conditions that
‘generate, the most noise and during seasogs.gitimes when sound propagation is
likeliest {such as wintertime siow cover),

7 -+ Variances from the existing noise standards:shouid only be granied in particular
circumstances where it is cleagly derponstrated.that ambient preexisting noise
exsends. the noise standards,

§- < - LURC should adopt parallgl;files to these.of the,DER. 10 provide. more detailed
guidance than LURC rules diffently providézand 1o make standards consistent
statewide.

|C} ¢ To ensure that shadow flicker is not an adverse impact on protecied locations,

o applicants for windpower projects in either LURC or DEP jurisdiction should
demonstrate where shadow falls will occur and 1o what extent shadow flicker wili
result. Shadow flicker should be considered in the design of any project and
minimized 1o the extent practicable. There is sufficient statutory authority in DEP
and LURC {aw to request and review this information.

References
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a. Thiis is a real stretch of imagination. In 1979 wind turbines were not a known
noise sotnrce snd thus rules set in 79 should not automaticaily be accepted as being
protective. We now know that wind turbines produce scunds that are not typical of
other common community noise sources and as such need different criteria
{especially dBC) to provide protection.

b. "As a result of the consultant’s assessment of other exisl:ing noise rules developed

for

windpower projects” From what I know Brown reviewed the noise rutes that the
wind industry pushed on the mid-west governors, These are the same rules of 50 or
55 dBA and 1000 foot setbacks that the Wisconsin Task Force woas FOIA'Y o arnd
then admiited the rulas were not based on scfence but wrtten by Jawers frons Florida

Power and Lioht.

1.Except for one darifying change outlined below, the existing statute and rules are
mf’ﬁm‘ent to allow the Department ....."

Ihis Is an assertion based on pofitical prassure not on science. The NRC 2007 report
was Not raviewed by anyone with acoustical and community holse experience. I
found it lacking in any real value as a guide on this issue,

2.Revise Chapter 375.10 (E) to provide the Commissioner with the authority ko
“establish any reasonable requirement to ensure that the developer has made
adequate provision for the cantrof of noise . ..”

Was this change done. I do not have a copy of it is dated "Section 10 Amendad:
November 21, 1289" If tha BEP restriction was lifted I do not know why the date on the version [

pulled from their web site fs 1989,

3.Noisz generated from wind turbines does have attributes that warrant particular
focus in tha review of projects, including the low-frequency modulating noises
generated as turbine blades pass by towers.”

Although Fisk Is wrong about the cause of the amplitude moduiation (The type he
tescribas is from the older style downwind turbines) modern upwind turbines also
produce amplitude modulation. Jam assuming he was just confused with nuances
frere and not trying to be dever.

But, if its a known problem then how can he dismiss the 5 dB penalty the rules
regquire to be applied without having data for the worst case condltion you have

experienced to rule it out. Brown's statement is also not supporied. Epraﬂ practical
nposas s conclusion is merely an unfounded assertion.

4. "Analysis of ambient noise generated by wind must be carefufly evaluated with
specific equipment In pre-development and post-development monitoring so that....”
Tha harg argunent here is that the ambient noise should not only 'not include wind
turbine noise' but it should also not include "noise from wind.” That means your
amibient should be about 20-25 dBA not the high values the study assigned to your

properties.



5, b..Post-monitoring studies must be conducted durlhg operational conditions that
¢enerate the most noise and during seasons or times when sound propagation is
likeliest (such as wintertime snow cover).”

The studies took the days and conditions as they were. There was no attempt to get
the worst case situation and Fisk's comment that Archer was present during one case
means that ke knows the sounds levels from the turbines can be higher than RSE's
studies show. The word "MUST" means something doesn't it?

7."Variances from the existing noise standards should only be granted in particuiar
circumstances wherae it is clearly demonstrated that ambient preexisting noise

exceéeds the noise standards.”

If this rule was applled to the 5 dB variance granted to UPC/First Wind then lets see
the evidence that your ambient "dearly axceads the noise standards.” How can 25
dBA nighitime ambients exceed the 45 dBA standard?

8. Did (kis happen?
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Tuning and sensitivity of the human vestibular system to low-frequency vibration
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Mechanoreceptive haircells of the verniebrale inner ear have a remarkable sensitivily ro displacement,
whether excited by sound, whole-body acceleration or substrare-botne vibration. I response to sejsmic
or substrare-borne vibration, thresholds for vestibular afferent fibre activation have been reported ln
anamnictes [fish and (rogs) in the range - 120 to -90dR re 1 g In this article, we demonstrate for the
first time that the human vestibular system is also exiremaly sensitive 1o love-frequency and infrasound
vibrations by making use of 2 new fechnique for nveasuring vestibular activation, via ehe vestibulo-ocular
reflex (VOR). We found  highly tused résponse to whote-head vibration in the ransmastoid plane with a
best frequency of abour 100Hz. At tha bast frequency we obtained VOR responses at intensities of lass than
=70dB re 1 g, which was 15 dB lower than the thrasheld of hearing for bone-conducted sound in humans
at this frequency, Given the likely synzaptic attenuation of the VOR pathway, hurman receprar sensinivirty
is probably an order of magnitude lowes, thus approaching the setsmic sensitivity of the frog eac. These
results extend our knowledge of vibration-sensiiivity of vestibular afferents but abso are remarkable a5
dhey indicate that the selsmlic sensitivity of the human vestibular system exceeds that of the cochbes foi

low-frequencias,

© 2008 Elsevier Ireland Lid, All nights reserved.
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The otplith argans, the sacculus, uticulus and lagena, primarily
respord o whole-body accaleratlon or tilt in graviey [9]. In fish
these also ame important auditory stroctures for acoustic near-field

{partizle moticn) sensing | 13,17]. Several studies have determined’

behavioral particle motion audiograms for non-specialist species of
fish. eg. rthe cod, plaice and dab [4). These have indicated that the
reginn of best sensitivity lies between 40 and 120 Hz, with thresh-
old acceleration values of about -1 e 1gat 80Hz. During
the course of svolution rhe amniote ear developed new struchares
for far-Geld [sound pressure] hearing in air, including the basilar
papilla and the mammalian cochleza |6].

It bas been established, however, that the owlith srgans in
terrestrial vertebrates have conserved 3 patticular sensitivity to
substrate- or bone-conducted sound [2.15.16.22] consistent with
theirfuncrion as near-field sound sensorsinfish [4).1n some species
of irog the saccule shows a fish-like band-pass response (o acceler-
atior: with best freauancies between 20 and 160 Hz and thresholds
befween 90 and - 1204B te 1g, while others show a low-pass
response with best {requencies at 10-20Hz [14]. Sensitivity fo
aulic-frequency vibration has also been demonstraced in mam-
malan vest bular organs. In e monkey [27 ] best frequencies were

o p— - e
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berween 125 and 177 Hr, with phase-locking threshold as low as
—80dBre1g and in the guinea-pig at 500 Hz thresholds were 1048
above the ABR threshold [3). At present. however, na such theesh-
old measurements have heen obtained for the human vestibelar
system and this was the aim of our study,

MNon-invasive assessment of human vestibular sensitrvity can be
accomplished by measurement of the powerful vestibulo-pcular
reflexes (VOR) to head acceleration. The WOR nommally serves ta
maintain eye gaze with head tilt or rotation and irs main elfects are
mediated by a simple thres-neuron arc connecting the vestibular
portion of the Bth nerve to the motor neurones of the exwraocu-
lar muscles j1]. o response to stimli such as head moveinents,
reflex activity occurs in the extraocular muscies, producing a com-
pensatory eye movement. By placing surface elecerodes around rhe
eyes, synchronous muscle activity can be recorded in the form af
ocular vestibular evoked myogenic polentials (OVEMPs) |23 25].
These responses are vestibular, rather than cochlear. in origin as
theyare present in deaf patients but are absent in patienrs with |ass
of vestibular function | 18,24). We aimed to m=asure the sumng and
sensitiviry of OVEMPs to whole head viliration in the rransmastoid
plane.

Four volenreers [2 females and 2 males between 3] and 54
years of age) with no auvditory or vestibular deficics were som-
ulared using sinusoidal accelerations berween 12.5 and 800 Hz
(12,5, 25, 50, 100, 200, 400 and 800Hz). The subjects were seared
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Simple guidelines for siting wind turbines to prevent health risks'
By:

George W. Kamparman, wcesd. cen. emeritus Richard R. Jamas, e .
Kamperman Assoclates, Inc. E-Coustic Solutlans -
george@kamperman.com rickjames@e-coustic.com

Revision: 1.0

fndustrial scale wind urbines are a familiar part of the landscape in Europe, U.K. and other
paris of the world. In the U.S., however, similar industrial scale wind energy developments
are just beginning operation. The presence of industrial wind projects will increase
dramatically over the next few years given the push by the Federal and slate goveruments
to promoete renewable energy sources through tax incentives and other forms of economic
and political support, States and local governments in the U.S. are promoeting what appear
te be lenient rules for how industrial wind farms can be located in communities, which are
predaminantly rural and often very quiet Studies already completed and currently in-- -
progress describe mgm[-:cant heaith effects asspciated with living in the vicinity of indush-hl
grad&wind turbines. This paper reviews sound studies conducted by consultants for . ...
governurents, the'wind turbine owner, ot the local resiglents for a number of sites with

known he o oblems. The purpose is to determine if a set of simple
guidelines using dBA and dBC sound levels can serve as the “safe’ siting guidelines.
Findings of the review and recommendations for sound limits will be presented. A
discussion of how the proposed limits woukd have affected the existing sites where peaple
have demonsirated pathologies apparently related to wind turbine sound will also be

presented.

Background , _

A relatively new source of comumunity noise is spreading rapidly across the rural US.
courntiryside. Industrial grade wind turbines, a common sight in many European countries,
are now being promoted by Federal and state governments as the way lo minimize coal
powered electrical energy and its effects on global warming. But, the initial developments
using the newer 1.5 to 3 MWatt wind turbines here in the U.S. has also led to numerous

T COPYRIGHT B natice for this section

The contens of the NOISE-CON 2008 Procesdings have been reproduced from the origlnal author-submided files, The
authors are salely responsible for the technical content and opinions expressed thergin. The opinions expressed are not
necessarily those of the Institute of Noise Control Enginearing of the USA, Washington, DC or those of the Acoustical
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complaints from residents who find themselves no longer in the quiet rural communibies
they were liv.ng in before the wind turbine developments went on-line. Questions have
bren raised about whether the current siting guidelines being used in the U.S. are
sufficiently protective for the people living closest to the developments. Research being
conducted into the health issues using data from established wind turbine deveiopments is
beginning to appear that supports the possibility there is a basis for the health concerns.
QOther research into the computer modeling and other methods used for determining the
layout of the industrial wind turbine developments and the distances from residents in the
adjacent communities are showing that the cutput of the models should not be considerad
arcurale enough to be used as the sole basis for making the siting decisions.

The authors have reviewed a number of noise studies conducted in response to community
complainls {for wind energy systems sited in Europe, Canada, and the U.5. to determine if
additional criteria are needed for establishing safe limits for industrial wind turbine sound
immissions in rural communities, In several cases, the residents who filed the complaints
have been included in studies by medical researchers who are investigating the potential
health risks associated with living near industrial grade wind turbines 365 days a year.
These studies were also reviewed by the authors to help in identifying what factors need to
be considered in setting criteria for “safe” sound limits at receiving properties. Due to
concerns about medical privacy, details of these studies are not discussed in this paper.
Current standards used in the U.S. and in most other parts of the world rely on not-to-
&£xceed dBA sound Jevels, such as 50 dBA, or on not-to-exceed limits based on the pre-
Lonstruction background sound level plus an adder (e.g: Loja-+3 dBA).

e —— et

Our revigw. covered the community. noise.studies performed in response to complaints;-—
research on health issues related to wind turbine noise, critiques of noi$e studies pérformisd
by consultants working for the wind developer, and research/technical papers on wind
turbine sound immissions and related topics. The papers are listed in Tables 1-4.

Table 1-List of Studies Related 10 Complaints

Resource Systems Engineering, Sound Level Study - Ambient & Operations Sound Level
Monitoring, Maine Department of Environmental Protection Order No. 1-21635-26-A-N,
June 2007

ESS Group, Inc., Draft Environunental Tmpact Statement For The Dutch Hill Wind Power
Project - Town of Cohoctor, NY, November 2006

David M. Hessler, Environmental Sound Survey and Noise Impact Assessment - Noble
Wethersfield Wind park - Towns of Wethersfield and Eagle NY For: Noble Environmental
Power, LLC January 2007

George Hessler, “Report Number 101006-1, Noise Assessment Jordanville Wind Power
Project,” October 2006

HGC Engineering, “Environmental Noise Assessment Pubnico Point Wind Farm, Nova
S:otia, Natural Resources Canada Contract NRCAN-06-0046," August 23, 2006

John I Walker, Sound Quality Monitoring, East Point, Prince Edward Island” by Jacques
Whitford, Consuitants for Prince Edward Island Energy Corporation, May 28, 2007

Rev: 1.0 July 27, 2008 Page 2 07 10



Table 2- List of Studies related 1o Health

Nina Pizrpont, “Wind Turbine Syndrome - Abstract” from draft avticle and personal
CONVErsadons. wwiw.ninapierpont.com

Nina ' 2rpont, “Letter from Dr. Pierpont to a resident of Ontario, Canada, re: Wind Turbine
Syndrome,” Autwmn 2007

Amanda Harry, "Wind Turbine Noise and Health” (2007)

[ Barbara 1. Frey and Peter J. Hadden, “Noise Radiatdon from Wind Turbines Instailed Near
Homes, Effects on Health” (2007)

Eja Pedersen, “Human response to wind turbine noise - Perception, annoyance and
moderating factors, Occupational and Environmental Medicine,” The Sahlgrenska
Academy, Gotenborg 2007

Robin Phipps, "In the Matter of Moturimu Wind Farm Application, Palmarston Morth,
Australia,” March 2007

WHO European Centre for Environment and Health, Bonn Office, “Report on the third
meeting on night noise guidelines,” April 2005

Table 3-List of Studies that review Siting Impact Statements

Richard H. Bolton, “Evaluation of Environmental Noise Analysis for ‘Jordanville Wind
Power Project,”” Decernber 14, 2006 Rev 3.

Clifford P. Schneider, ”Accuracy of Model Predictions and the Effects of Atmospheric
Stability on Wind Turbine Noise at the Maple Ridge Wind Power Facility,” Lowville, NY -
2007

Table 4-List of Research and Technical papers included in review process

Anthony L. Rogers, james F. Manwell, Sally Wright, “Wind Turbine Acoustic Noise,”
Renewable Energy Research Laboratory, Dept. of ME and IE, U of Mass, Amherst, amended
June 2006

[S0. 199. Acoustics - Attenuation of sound during propagation outdoors - Part 2: General
method of calculation, [nternational Organization of Standardization. 15O 9613-2. p. 18.

G.P. van den Berg, “The Sounds of High Winds - the effect of atmospheric stability on wind
turbine sound and microphone noise,” Ph.D. thesis, 2006

Fritz van den bBerg, “Wind Profiles over Complex Terrain,” Proceedings of Second
[nternational Meeting on Wind Turbine Noise, Lyons, France, Sept. 2007

William IC G, Palmer, “Uncloaking the Nature of Wind Turbines-Using the Science of
Meteorology,” Proceedings of Second International Meeting on Wind Turbine Noise, Lyons,
France, Sept. 2007

l-rguren Vase Legarth, “Auralization and Assessment of Annovance from Wind Turbines,”

Proceedings of Second [nternational Meeting on Wind Turbine Noise, Lyons, France, Sept.
2007

Julian T. and Jane Davis, “Living with aerodynamic modulation, low frequency vibration
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\\| TEC 61400 “Wind turbine generator systems, Part 11: Acoustic noise measurement

| and sleep deprivation - how wind turbines inappropriately placed can act collectively and
destroy rural quietitude,” Proceedings of Second International Meeting on Wind Turbine

Noise, Lyons, France, Sept. 2007
James D, Barnes, “A Variety of Wind Turbine Noise Regulations in the United Siates - 20077

Proceedings of Second International Meating on Wind Turbine Noise, Lyons, France, Sept.
2007

M. Schwartz and D. Elliott, Wind Shear Characteristics at Central Plains Tall Towers, NREL
2006 i

I techniques,”.rev:2002

Discussion

After reviewing the materials in the tables; we have arrived at owr current understanding of
wind turbine noise and its impact on the host community and its residents. The review
showed that some residents living as far as 3 km (two (2) miles) from a wind farm complain
of sleep disturbance from the noise. Many residents living one-tenth this distance (300 in. or
1000 feet) from a wind farm are experiencing major sleep disruptiomand other serious
riediced problerns from nighttime wind turbine roise. The peculiar acoustic characteristics
of wind turbine noise immissions cause the sounds heard at the receiving properties to be
more annoying and troublesome than the more familiar noise from traffic and industrial -
factories. Limits used for these other community noise sources do not appear to be
appropriate for siting industrial wind turbines. The residents who are annoyed by wind
turbine noise complain of the approximately one (1) second repetitive swoosh-boom-
swoosh-boom sound of the turbine blades and “low frequency” noise, It is not apparent to
these authors whether the complaints that refer to “low frequency” noise are about the
audible low frequency part of the swoosh-boom sourxd, the one hertz amplitude medulation
of the swooesh-boom sound, or some combination of bothk acoustic phenomena.

To assist in understanding the issues at hand, the authors developed the ‘conceptual’ graph
for industrial wind turbine sound shown in Figure 1. This graph shows the data from one
of the compiaint sites plotted against the sound immission spectra for a modern 2.5 MWatt
wind turbine; Young's threshold of perception for the 10% most sensitive population (IS0
0266); and a specirum obtzined for & rural community during a ‘three hour, 20 minute test .
from 11:45 pmn untl 3:05 am on a windless June evening in near Ubly, Michigan a quietrural - ==~ PR
community located in central Huron County. (Also called: Michigan's Thumb) Itisworth " wiv 71
noting that this rural community demonstrates how guiet a rural community can be when )

loceted at a distance from industry, highways, and airport related noise emitters, ’

During our review we posed a number of questions to ourselves related to what we were ':(2 i
learning. The questions (italics) and our answers are: l pv? ’k | \
Do National or International or local comnmumity Noise Standards for siting wind turbines near J}D'
diwellings address the low frequency portion of the wind turbine’s sound immissions?? Nol State /" , PQPD’
and Local governments are in the process of establishing wind farm noise limits and/or k‘Q p b

2 Emissions refer to acoustic energy from the “viewpoint’ of the sound emitter, while immissions refer « -~ 7 3’
to acoustic energy from the viewpoint of the receiver. j
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wind furbine setbacks from nearby residents, but the standards incorrectly presume that
limits based on dBA levels are sufficient to protect the residents.

e Do wird farm developers have noise limit criteriz andjor wind farbine setback crilera that apply to

DR

nearby rzsidents? Yes! But the Wind Industry recommended residential wind lurbine norse
levels {typically 50-35 dBA) are too high for the quiet nature of the rural communities and
may be unsafe for the nearest residents. An additional concern is that some of the methods
for implementing pre-construction computer models may predict sound levels thatare too
low, These two factors combined can lead to post-construction complaints and health risks.

e dre il residents living near wind farms equally affected by wind turbine noise? No, children,

people with pre-existing medical conditions, especially sleep disorders, and the elderly are
generally the most susceptible. Some people are unaffected while some nearby neighbors
davelop serious health effects caused by exposure tg the same wind turbine noisé.

Hour does wind turbine noise impact nearby residents ? Initially, the most common problem is
chronic sleep deprivation during nighttime. According to the medical research documents,
this may develop into far more serious physical and psychelogical problems

What are the technical oplions for reducing wind turbine noise imntission al residences? There are
only two options: 1) increase the distance hetween source and receiver, and/or 2) reduce the
source sound power immission. Either solution is incompatible with the objective of

wind farm developer to maximize the wind power electrical generation within the land P\ :
__,________________,._---'"_-'-——________‘ 6
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bs woind firbins notse ai a residence much more annoying Han traffic noise? Yes, researchers have
found that “Wind turbine noise was perceived by about 85% of the respondents even when
the calculated A-weighted SPL were as low as 35.0-37.5 dB. This could be due to the
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presence of amplitude modulation in the noise, making it easy to detect and difficult to
imask by ambient noise.” [JASA 116(6), December 2004, pgs 3460-3470, "Perception and |
arnoyance due o wind turbine noise-a dose-relatonship” Eja Pedersen and Kerstin Persson
Waye, Dept of Environmental Medicine, Goteborg University, Sweden]

-

Why do wind turbine noise immissions of only 35 ABA disturb sleep af night? This issueisnow * -~ ™
being studied by the medical profession. The affected residents complain of the middle to -_‘.:; '
high frequency swooshing sounds of the rotating turbine blades at a constant repetitive rate *

of about 1 hertz plus low frequency noise. The amplitzde modulation of the swooshing
sound changes continuously. The short time interval between the blade’s swooshing
sourls described by residents as sometimes having a thump or low frequency banging

sound that varies in amplitude up to 10 dBA. This may be a result of phase changes

between turbine emissions, turbulence, or an operational mode.. The assumptions about

wall and window attenuation being 15 dBA or more may not be sufficiently protective

considering the relatively high amplitude of the wind turbine’s low frequency immission - -' .
specra. ¥
What are the fypical wind farm sofse immjssion criteria or standards? Limits are not consistent -+ o
and may vary even within a particular counlry: Example triteria include: Australia-the "‘_';)_ . ;_‘.-'
lower of 35 dBA or Lgo + 5 dBA, Denmark-40 dBA, France Ly + 3 (night} and Lea + 5 (day).. . “& = <y

- Germany-40 dBA, Holland-40 dBA, United Kingdom-~40 dBA (day) and 43 dBA (mght} or %y i
La + 5 dBA, illinois-55 dBA (day) and 51 dBA (night), Wisconsin-50 dBA and Michigan- LAY
dBA. Note: Illinois statewide [imits are expressed only in nine contiguous octave frequency 7,
bands and no mention of A-weighting for the hourly I limits. Typically, wind turbine o
nofse just meeling the octave band limits would read 5 dB below the energy sum of the nine "« )
octava bands after applying A-weighting. So the [linois limits are approximately 50 dBA Lt
(claytime 7 AM to 10 I'M) and 46 dBA at night, assuming a wind farm is a Class C Property £
Line Noise Source.

What t5 a reasonable wind farm sound tmmission limif fo protect the health of residences? We are

Pproposing an immission limit of 35 dBA or Laa + 5 dBA whichever is lower and also a C- [ } j@/
weighted criteria to address the impacted resident’s complaints of wind turbine low

frequency noise: For the proposed criteria the dBC sound level at a receiving property shall 0 bc -
not exceed Las + 204B. [n other words, the dBC operating inumnission limit shall not be

more than 20 dB above the measured dBA (Lsoa) pre-construction nighttime background

sound level. A maximum not-to-exceed limit of 50 dBC is also proposed,

Wity should the dBC immssion hnut not be permitied o be more than 20 45 above the background . HD 35
measured Lopa? The World Health OrganiZation and others have determined a sound U P
emitter’s noise that results in a difference between the dBC and dBA value greater than 20 ’1@1\ NE

dB will be an annoying low frequency issue. S Mo

.
e

Is not Lega the mtinimum dBA background noise Irvel? This is correct, but it is very important to
establish the statistical average background noise envircenment outside a petentally .
impacted residence during the quietest (10 pm to 4 am) sleeping hours of the night. This
nighttirae sleep disturbance has generated the majority of the wind farm noise complaints
throughout the world. The basis for a community’s wind turbine sound immussion limits
woutld be the minimum 10 minute nighttime Loos plus 5 dB for the time period of 10 pm to 7
am. This would become the Nighttime Immission Limits for the proposed wind farm. Thus
cun be accomplished with one or several 10 minute measurements during any night when
the atmaosphere is classified stable with a light wind from the area of the proposed wind

Rev: 1.0 July 27, 2008 Fage & af 10

P - = R R - ’ R R - .-";.o".
T e T T U S S L RS A o



- “prove’ that the wind noise masks the turbine’s sound immissions. \ﬁ a\-

:The most glaring fault with this argument is shown duting the frequent nightime (ﬁf\o\’i§
conditions with a stabie atmosphere when the wind turbines generate the maximum ngv

farm. The Daytime Limits (7 am to 7 pni) could be set 10 dB above the minimum nighttne
Lowa measurzd noise, but the nighttime criteria will always be the lLimiting sound levels.

" A nearby wird farm meeting these noise irumission criteria will be clearly audible to the

residens occasionally during nighttime and daytime. Compliance with this noise standard
vrould be determined by repeating the initial nighttime minimum nighttitne Loss tests and
adding the (ABC (Leqc) noise measurement with the turbines on and off. If the nighttime
background noise level (turbines off) was found o be slightly higher than the measured
background prior t the wind farm installation, then the results with the turbines on must. /- *,,
be corrected to determine compliance with the pre-turbine established sound limits, - ek

The common methed used for establishing the background sound level at a proposed wind
farm used in many of the studies in Table 1 was to use unattended noise moenitors to recond
hundreds of ten (10) minute measurements to obtain a statistically significant sample over,
varying wind conditions or a period of weeks. The measured results for daytime and
nighttime are combined to determine the statically average wind noise as a function of wind
velocity measured at a height of ten (10) meters. This provides an enormous amount of data
but the results have little relationship to the wind turbine sound immission or turbing noise
irnpact in nearby residents. The purpose of this exhaustive exercise often only demonstrates ..{-;V &
how much noise is generated by the wind. In some cases it appears Hat the data is used to (5

electricity and noise while the wind at ground level is calm and the background noise level
is low. This is the condition of maximum turbine noise impact on nearby residents. 1t is the Q:‘h
condition which most directly causes chronic sleep disruption. Furthermore, this

methodology is usually faulty, as much of the wind noise measured by unattended sound

monitors is the wind noise penerated at the microphone windscreen resulting in totally 2
erroneous results. (See studies in Table 3, esp, Van den Berg) ‘r“i 2.
Are there additional noise data to be recorded for a pre-urind turbine neise survey near selected o =~'-‘-!_J '-l_‘:,":- :
divellings? Yes, The measuring sound level meter{s) need to be programmed to include o

measurement of Lea , Lioa, Lequa and Legc plus start time & date for each 10 minute sample.
These results will be utilized to help validate the Lsoa data. For example, on a quiet night
one might expect Lioa 1ess Laga OF Leqa to be less than 10 dB. On a windy nighi or day the _
difference may be more than 20 dB. There is a requirement for measurement of the wind
velocity near the sound measurement microphone continuously throughout each ten (1(H
minuie racorded noise sample, The ten (10) minute average of the wind speed near the
microphone shall net exceed 2 m/s (4.5 mph) and the maximum wind speed for operational
tests shall not exceed 4 m/s (9 mph). Itis sl:rong]y recommended that observed samples be
used for these tests.

Is thete 1 necd ‘o record weather data during the background noise recording survey? One weather
monitor is required at the proposed wind farm on the side nearest the residents. The
weather station sensors are at standard ten {10) meter height above ground. It is critical the
weather be recorded every ten (10) minutes synchronized with the clocks in the sound level
recorders without ambiguity in the start and end time of each ten (10} minute period. The
weather station should record wind speed and direction, temperature, humidity and rain.

.
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- at the pre-wind farm location nearest the resident registering the wind turhine noise

. results. An independent acoustical consultant shall also perform all pre-turbine background g

Why o Caneida and some othier countries base the permitted wind furbine neise immission limils o2
the operational wind velocity at the 10m height wind speed instead of @ muximum dBA or La + 5
g8 A immission level? First, it appears that the wind turbine industry will take advantage of
every opportunity to elevate the maximum permitted noise immission level to reduce the
setback distance from the nearby dwellings. including wind as a masking source in the
criteria is one method for elevating the permissible limits. Indeed the background noise
level does increase with surface wind speed. When it does oceur, it can be argued that the
increased wind noise provides some masking of the wind farm turbine noise emission.
However, in the middle of the night when the atmosphere is defined as stable (no vertical
Aow from surface heat radiation} the layers of the lower atmosphere can separate and
parmil wind velocities at the turbine hubs to be 2 to 2.5 times the wind velocity at the 10m
high wind monitor but remain near calm at ground level. The result is the wind wurbines
can be operating at or close to full capacity while it is very quiet outside the nearby
dwellings.

This is the heart of the wind turbine noise problem for residents within 3 km (approx, two
miles) of @ wind farm. When the turbines are producing the sound from cperation it is
quietest outside the surrounding homes. The PhID thesis of P.G. van den Berg “The Sounds
of High Winds" is very enlightening on this issue. See also the letier by John Harrison in
Ontario “On Wind Turbine Guidelines.”

What sound monitor measurements would be needed for enforcement of the wind turbine sound

ordinance? A stmilar sound and wind 10 minute series of measurements would be repeaied o
complaint, with and without the operation of the wind turbines. An independent acoustics 'y .
expert should be retained who reports to the County Board or other responsible governing @mﬁ
body. This independent acoustics expert shall be responsible for all the acoustic S (R\ :

measurements including instramentation setap, calibration and interpretation of recorded -

noise measurements and interpretation of results to establish the Nighttime {and Daytime it
applicable} industrial wind turbine sound imsission [imits. At present the acoustical &~
consultants are retained by, and work directly for, the wind farm developer.

wind farm developer would [ike 1o show Whe SigniHcant araount o) wind noise that is
present to mask the sounds of the wind turbine immisgions. The wind farm impacted
community would like to know that wind turbine noise will be oniy barely perceptible and
then only eccasionally during the night or daytime,

i .:}‘.

Is frequency analysis required either during pre-wind farm background survey or for compliance
measurements? Normally one-third octave or narrower band analy'sis would only be
required if there is a complaint of tones imumission from the wind farm.

Proposed Sound Limits

The sunple fact that so many residents complain of Jow frequency noise from wind turbines
is clear avidence that the single A-weighted (dBA) noise descriptor used in most
jurisdicdons for siting turbines is not adequate. The orly other simple audio frequency
welghting that is standardized and available on all sound level meters is the C-weighting or
dBC. A standard sound level meter set to measure dBA js increasingly less sensitive to low
frequency below 500 Hz {one actave sbove middle-C). The same sound level meter set io ~

-
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measur: dBC is equally sensitive to all frequencies above 32 Hz (lowest note on grand
pianc). Ttis well known that dBC readings are more predictive of perceptual loudness than
dBA readings if low frequency sounds are significant.

We are propesing to use the cornmonly accepted dBA criteria that is based on the pre-
existing background sound levels plus a 5 dB allowance for the wind turbine’s imnmissions
{e.2. Looa +5) for the audible scunds from wind turbines. But, to address the lowar
frequencies that are not considered in A-weighted measurements we are proposing to add
limits based on dBC. The Proposed Sound Limits are presented in the text box at the end of
this paper.

For the current industrial grade wind turbines in the 1.5 tc 3 MWatt range, the addition of
the dBC requirement will result in an increased distance between wind turbines and the
nearby residents. For the generalized graphs shown in Figure 1, the distances would need
to be approximately double the current distance. This will result in setbacks in the range of
1 km or greater for the current generation of wind turbines if they are to be located in rural
areas where the Loos background sound levels are 30 dBA or lower, in areas with higher
background sound levels, turbines could be located somewhat closer, but still at a distance
greater than the 305 m {1000 ft.) or less setbacks comumonly seen in 11.5, based wind turbine
standards set by many states and used for wind turbine developments.

DEC - Scromee Demandl

'.U&:{,
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Praposed Wind Turbine Siting Sound Limits

1. Audible Sound Limit
a. No Wind Turbine or group of turbines shall be Jocated 50 as to cause an exceedance
of the pre-constraction/ operation background sound levels by more than 5 dBA.
The background sound levels shall be the Ly sound descriptor measured during a
pre-construction noise study during the quietest time of evening or night. All data
recording shall be a series of contiguous ten (10) mimute measurements. Looa results
are valid when Lioa results are no more than 15 §BA above Lo for the same time
period. Noise sensitive sites are to be selected based on wind development’s
predicted worst-case sound etnissions (in Lea and Lec) which are to be provided by
the developer.
b. Testsites are to be located along the property line(s} of the receiving non-
participating property(s).
c. A 5dB penalty is applied for tones as defined in IEC 61400-11.
2, Low Frequency Sound Limit
a. The Lecand Lage sound levels from the wind turbine at the receiving property shall
not exceed the lower of either:
1) Lego-Laooa greater than 20 dB cutside any occupied structure, or
2) A maximum not-to-exceed sound level of 50 dBC (Lioc) from the wind
turbines without other ambient sounds for properties located at one mile or
more from State Highways or other major mads or 35 dBC (Lac) for
properties closer than one mile,
These Limnits shall be assessed using the same nightiime and wind/weather
condjtions required in 1.a. Turbine operating sound immissions (Lwqa and
L) shall represent worst case sound fmmissions for stable nighttime
conditions with low winds at ground level and winds sufficient for full
operating capacity at the hub,

3. General Clause
a. Not to exceed 35 dBA within 30 m. {approx. 100 feet) of any occupied

structure.
4, Requiremenis
a. All instruments must meet ANSI or [EC Precision integrating sound level

meter performance specifications,
b. Procedures must meet ANSI §12.9 and other applicable ANSI standards.
€. Measurements must be made when groand level winds are 2m/s (4.5 mph) or

iess. Wind shear in the evening and night offen results in low ground level
wind speed and nominal operating wind speeds at wind turbine hub heights.

d. 1EC 61400-11 procedures are not suitable for enforcemnent of these
requirements except for the presence of tones.

Rev: 1.C Jufy 27, 2008 Page 10 of 10



Maddox, Becky - ——

From: GNS [gernish@yahoo.com] :
Sent: . Tuesday, March 24, 2000 8:11 PM

To: warren_brown@umil. maine.edy; Maddox, Becky

Subject: Rollins line study data

Attachments: Rolling South sound confour map.pdf; Rolling North seund contour map.pdf; Rofiing

North1.pdf; Rollins North.pdf

ZFOF (B
;

Lo

Rol¥ins South sound Rollins North sound Rollins Northl.pdf  Rollins North, pef
contour ma... contour ma.., {506 KB) (506 KB)
Dear Mr Brown,

I have been in regent communications with Rick James of E-coustics concerning
problems with the point source DBa study for this project. A line source study has not
been done. The atrached data(line source} will show much more severe noise issuas with
this preject , and many more properties being adversely affected heyond current allowed
noise limits. Mr. Rick James is reviewing this data as well, and will forward any
modifications that might be found to you. The enclosed studies should be utilized with the
understanding that a E-coustic review is also under way shortly. I will be calllng you
shortly to discuss this as well.

Thank you very much.
Dr. Gary Steinberg
207 754 B174

Lincoln, Me. od457

Thig is the end of the mail from GNS...
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Up‘:'raﬁnll of the proprsed proeject will gnsist of 40 wind tucbines operating up to 24 hours per day and
seven days per week dependiog on weather conditions,

RSE developed a sound level prediction modi| (5 tstimaie sernd levels fem aperation of the proposed
Redliny Wind Projuct, The suowiv mode) was developod aing the CADNAJA software program o
map area terrain-in three dimensions, fecate propesed-wind hubines and calculote outdoor sound
progagation from the wind turbines. Aren topogmphy and wind turbine locations, far eniry it
CADNA, were provided to RSE by Stentee tased on USGS wpographic information and project design,

The wind project will be capable of operating any time of the doy or night, including holidays and
weekends. However, the wind turbines will.only operate when the’ wind ineldent ao the turbine hub i t
or abova the cut-in wind apeed of 3 ioctere per yectnd (5,7 mph); During petiods of light orcalm
winds, sound vel emissivns from the wikd project wil! be virnally poa-sxistent. As the. hubheight
wind speed incieases 1o 3 meters/sec, the turbines begin to rotate and will ‘reach full sound power uiput
ar g wind spnd of approximztely % méters per second (20.1 mph) or 50% ol micd power aniput. Full
power gencration from the wind turbines oecuss whon the lubkhiipht wind specd iy at or above 11.5
madery per seieond (23,7 mpb). The: turbings stividdwn or “cut-out” whea winds reach 23 meters per
second {56 mph). Figure 2 presents a plot of the: scund power level and power generation versus wind
speed at the terbine hub for wind speeds ranglag from 3 1o 15 meiers por scenml Pigur 4 indicuicy that
full.sound power acours at o above 9 metory. por second and the soomd power level is approximately 4
dBA lkosx at g wind wpeed of 7 meters per second.

Figura 4. Somnd Power Levei and Power Output of GE 1.5 sle Wind Torbine in Relation to Hub Wind
Speed

GE 1.5 sl

-t Ml Fraorlvvdd 8 M OLE P

‘fiecinde Ucervalntly Factor of ) 2 ﬂalptrGE Tocknico! Docementatton - Nolse Emiision Churarteristics (2005} and Cenfidemar
Level of + 2404 par GE Technical Seciftcaniin - MMMGWM&WHMEW May 2004

RSE caltulated sound levels for simultanegus operution of the GE 1.5 sje wind turbines ot all 41
prospective wind turbine locations at full sound power o5’ defined by GE Encegy. Thise maderuie w full
loag) eonditicns exist with. wind gpecds al or sbove 9 meders per socond (20.1 miles per hour) at the
turbing, hub.” The wind h.lrblnea wer treated as point sources- ar e buby hmghl of B0 mcters (262 feet)
above basa'gmde ‘eldvation vsing sound power levels trom GE Enagy [Technlca) Documentation Wind
Turbin: Generator S}'stem GE 1.5 slisle 50 & 60, H., Nuisc Fmiaxion Charmcuwristicy, 2005), Sound
kevel eutiimlos sre hﬂm:d im the '-’I";ﬂlmb r sennd dove] ul fuli suund panwer plus an uncertainty factor of
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Section 1.0 ABSTRACT

Vinel turbines are large industrial structures that create obtrusive environmental noise
pollution when built toa close to dwellings. This annotated review of evidence and
rese arch by experts considers the impact of industrial-scale wind turbines suffered by
thare living nearby. First, the paper includes the comments by some of the families
afiected by wind turbines, as well as coverage in news media inferpationally. The
expzriences described put 2 human Face to the science of acoustics.

Secoad, the paper reviews research articles within the field of acoustics concerning
the azoustic properties of wind turbines and noise. The acoustic characteristics of
wind turbines are complex and in combination produce acoustic radiation. Nexl, the
paper reviews the health effects that may result from the acoustic radiation caused by
wind turbines, as well as the health effects from noise, because the symptoms paraflel
onz anothze, Primarily, the consequent health response includes sleep deprivation and
tlw: problems that ensue as a result. In addition, this paper reviews articles that report
reseatch about the body’s response not only to the audible noise, but also to the
iniidiblz components of noise that can adversely affect the body’s physiologry.
Research points to a causal link between unwanted sound and sleep deprivation and
sess, i.e., whole body physiclogic responses.

Thes: injuries are considerad in the context of Human Rights, where it is contended
that the environmental noise peltution destroys a persen’s effective enjoyment of right
to r2zpect for home and private life, a vielation of Article 8 of the European Court of
Human Righis Act. Farthermore, the paper considers the consequent devaluation of a
dvseliing 1s a measure of part of the damage that arises when wind rurbines are sited
toor close 10 a dwelling, causing acoustic radiation and consequent adverse heaith
resPCses,

The review concludes that a safe buffer zone of at least 2km should exist between
family dvellings ond industrial wind turbines of up to 2MW installed capacity,
with greater separation for a wind turbine greater than 2MW installed capacity.

Lt
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——DPregs-Release-—Nois
Noise Complaints On Rise wﬁ:h New Industrlal Wind Power
Projects

National Wind Watch calls for minimum 1-mile sethacks

Press Release
Contacl: Eric Rosenbloom, East Hardwick, Vermont, President
David Roberson, Rowe, Massachusetts, Vice-President

Rowe, Mass., April 2, 2007 — Noise created by commercial-scale wind turbines has become a major
concern around the world as wind power development continues to proliferate. Although the industry
claims that modem turbines are quieter - even as they grow ever larger -- complaints are increasing
from people who live near new projects.

While the wind itself may mask some of the noise under some atmospheric conditions, the deep
unnatural thumping as the giant blades pass their supporting tower is particularfy intrusive.
Testimony from hundreds of turbine netghbors confirms this, most recently frorn Maine,
Massachusetts, New York, Pennsylvania, Illinois, Wisconsin, Texas, Canada, the UK , and New
Zealand. Reports can be found at www.wind-watch.org/news and mvw.wirid-watch.org,.’documents.

The noise is especially intrusive because wind energy facilities are often built in rural areas where the
ambient sound level may be quite low, especially at night. On the logarithmic decibel (dB} scale, an
increase of 10 dB is perceived as a doubling of the noise level. An increase of 6 dB is considered to
be a serious community issue. Since a quiet night in the couniry is typically around 25 dB, the
common claim by wind developers of 45 dB at the nearest home would be perceived as a neise four
times louder than normal. And because it is intermittent and directional, those affected assert that one
can never get used 1o it. The disruption of sleep alone presents serious bealth and human rights

issues.

The problem is worse than the industry admits. Frits van den Berg, a physicist at the University of -
Groningen in The Netherlands, studied noise levels around a German facility of 17 turbines. in a
paper-piblished in the, November 2004 Journal of Sound-and Vibration, he found that at night,
because the surface air is often more still than the air at the height of the blades, the noise from the
tarbines is 15 to 18 dB higher than during the day and carries farther. He noted that residents 1-9 .. .
kilometers (6,200 feet or 1.2 miles) away expressed strong annoyance with noise from the facility.

The French National Acadeitiy' df Medicinie Has'called fof'd halt of all'large-scale wind development
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Evergreen conducted a sound lavel assessment in order {o enable as-built compliance with
Maine Department of Envirenmental Protection regulatory requirements far sound as found in 06-
095 CMR ¢. 375.10. Inchided as Appendix 5-1 is a Sound Level Assessment by Resource
Systems Engineering. This assessment determines expected sound levels from the project and
compares thera to the WMaine DEP sound level limits for quiet areas of 45 dBA nighttime and 55
dBA daytime at protected locations. Those areas where the sound leve! limits may be exceaded
ara part of the project area qr, in three other locations, sound egsemants have been acquired.

{see Appendix 5-2).
The repor conservatively estimates wind turbine sound levels and propagation by

-utilizing consarvative factors for ground attenuation:
-specifically mapping the surrounding lakes and ponds as reflective sufaces;
-excluding potential sound attenuation due to foliage;
-adding 5 dBA to the manufacturer's wind turhing performance specification fo account
for uncartainty in measurements used to derive turbine sound autput; and
-assuming that all turbine are operating simuitaneously al continuoys full sound oufput.

The raport concludes that the operation of the Rollins Wind Project will not exceed DEP saund
level limits ai protected locations dusing construction or routine cperation.
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SOUND LEVEL ASSESSMENT rj’f‘ 5 b & é((

1.0 INTRODUCTION . - .b

Resource Systems Engineering (RSE) completed an analysis of sound levels for the Rollins Wind éfg’ .
Praject, a proposed 60 megawatt (MW) wind energy facility 1o be located in the Lincoln area of -

Penobscat County, Maine. Ths objective of the sound assessment was to determine the expected sound

levels from routine operation of the wind project and compare ther with relevant environmental noise
standards. '

Sound levels generated during construction and operation of many types of facilities can be regulated by
federal, stz, and local noise standards. The Maine Department of Environmenta! Protection (DEF)
reuuhles neise under aurhonty of the Siie Location of Develn:upmem Law (38 M.R.S.A 481-490). The
current Maine DEP noise regulation, Chapter 375.10, Contro] of Noise, was established in November
1989 to protect certain existing land uses, such as residential properties, schools, and recreation areas,
from excessive noise levels generated by new or expanded developments,

The following report provides 2 description of the wind project, 1dent|ﬁes land uses in the project
vicinity, presents a summary of Maine DEP aoise standards, and sound levelestimates for future wind S
turbine 0pemt10ns The Sound Level Assessment provides a comprehensive evalu\?_hcm qf soungd fevels-

frem construction and operation of the wind turbines. Sound levels from congtructios activity, and -
operation of the substation and other electric transmission facilities are brisdly. discussed, The sound

level estimates are compared to Maine DEP sound level limils to demonstrate that the Rollins Wind

Project will meet applicable sound [evel limits.

2.0 SOUND AND DECIBELS

Sound is a rapid fluctuation in pressure that the human ear has the potentizl io detect. The decibe! or dB
is the: unit of meazurement for sound. The decibe] scale is loganithmic to avoid large unmanageable
numbers normally associsted with pressure change. Figure 1 shows a comparison of sound pressure and
decibe! jevels for some typical sound environmenis.

Scund level performance specifications often provide the sound power level emitted by a particular
noise source such as a transformer. Similar to sound pressure level, the sound power level orL, is a
logarithmic measure of sound expressed in decibels compared 10 a specified reference level. The
difference is that the reference level for sound power is 1072 wans compared to the reference level for
sound pressure which i$ in units of micropascals.”

Undesirable sound is generally referred to as noive. The effects of noise depend both on its frequency
{or pitch), decibel level, and duration, particuiarly in relationship to changes in existing sound levels.
The frequercy of a sound generally refers to the number of vibrations per second, measured in hertz
(HZ). Thz frequencies of sounds audible to humans range from about 20 Hz 19 20,000 Hz, with greatgr
sensilivity o frequencies above 1,000 Hz,
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Sound way caasist of a single frequency known 2s & pure tone, but is generally a disorderly mixture of
many frequencies. When measuring sound, the A-weighted sound levels are typically used in order (0
silaulate ihe hearing response of Lhe himan ear to varying sound level frequencies. A-weighted sound
levels are expressed as dBA. o

%,

Sound propagatio: in air can be comypared 1o ripples ou the surface of a pond. The ripples spread out

umfonnly in al! directions of the pond surface decreasing in amplitude as they move further fromthe

source. Fof every doublmg of distance from a stationary hemispherical point source, the sound levet
dmps by 548, Tllus if the sound levei is 50 dBA it 500 feet, the sound Jevel at.1000 f=et will be 44
dBA, and will be 28 dBA a1, 2000 feet. With an obstacle in the sound path, such as intervening terrdin
ol a bulldmg, part of the sound is reflected, part is absorbed and the remainder is transmitted through or
around the object. The amount of sound that is reflected, absorbed o transmitted depends on the
properties of the chject, its size, and the frequency (Hz) of the sound. Properties of an object and its
effect on sound propagation are pnmary chmderaﬂnns in the dESIg‘n of noise conu-ol measures.

For con@lant soun-:ls a bnef measurement cluse tn the source can penerally quanufy the level af sound
over both lonig and short periods. However, when sound sources vary, longer sampling periods are
ngaded to accurately quantify the sound levels. . Integrating sound lével meters are commonly used to
measure fluctuating sound sources. These meters record the sound level every 1/8 of a second whea set
to fast response and every one-second on slow response. When set to fast, the instrument measures 480
sound levels every minute and over-28,000 records in an hour. Dui€ to the large number of readings,
statistical prarametcrs are used for analysus and companson of measurement data

The most communl:,r used pammﬂer is 'ihe ﬁquwalem suund lf.we'. or L teqr The Lagg is used to rﬂpresent
the sound snergy during a given sampling period as a constant decibel level, The L g takes all sound
level fluctuations iato account similar to an everaging technique; however, this is accomplished
mathematically 1o deal with decibels as logarithmic expressions. Ata site influenced by variable sounds
such as vehicle or aircrafi traffic, the Lae distributes the traffic sgind energy dver the entire
measuremznt period to calculate a single decibel level:- Short pefidds of elevated Sound Tevels can
significantly increase L.aeg Over a measurement period. For example, if the sound Jevel over an hour was
30 dBA except for five minutes when waffic noise measured 60 dBA;, the L e, for the hour would be 49
dB A,

Other common st&tmt:cal parammers mclude LM.;, Lm and L&q{], which represent the sound level
exceeded 10%, S0%, and 0% of the time during the measurement, respectively. The Lago excludes
most ransient or intermittent noise sources and therefore, i commonly used to dstermine the value of
constant or background sound during 2 measurement. LAS0 is the miedian sound level and can be used
to qumnf) nearly steady operations by removing the contribution of occasmnal louder sound events
such as wind gusts or traffic.

In order to calenlate sound levels resuliing from muhiple sources, such as wind torbines, it is necessary
to combine dztibe] levels from each source. Decibel levels must be added mathematically to reflect the
logarithmic nature of the decibef unit, When two sounds of the same decibel level are combined, the
Tesulting combined sound ievel is just 3 dB higher than the individual sound levels {e.g. 50 dB + 50 4B
=53 dB). The analysis contained in this report addresses both individual and cembined sound sources
associated with the proposed wind project.

- L

) R L AN Q.ﬂ.(;‘ . o § e,

e, N CE L S TS S -
R T e T

- LY N " r Q’h? ”‘. \ ..I_. .

Dctober 50, 2008 2 ha 4 Respprcy Systems Engineering



-\' .
-

s . j
\EI"&.'.:._' J’T .;-.'r

3.0 SITE DESCRIPTION

The Rollirs Wind Project isa 60-megawatt (MW) wind project with approximately 8 miles of
associated 1 E5-kilovolt (kV) transmission line 10 be located in Pencbscot County, east and soutly of
Linceln. A site jocation map is presented as Figure 2.

The turbine portion of the project consists of 40 General Electric 1.3 megawatt (MW) trbines located
in two clustzrs, Rollins North and Rolling South. Each turbine is 262 feet from the base to the center of
the rotor hub, ang a total of 389 feet to the tip of a fully extended rotor blade. The project involves
permitting 41 potential turbine Jocations to allow flexibility in final Jocation; only 40 turbines will be
constructed. Turbines will be Jocafed in the towns of Winn, Lee, Lincoln, and Burlington. The South
cluster, located in Lincoln and Burllngton. will include 22 of the 23 turbines shown and connect to the
northern portion of the project by a 34.5-kV connector line, The North cluster of 18 turbines will be
located east of Lincoln center in the towns of Lincoln, Lee and Winn. Poewer from the 40 turbines will
be collected in an overhead 34.5-kV collector line, delivered to the on-site substation, and converted to
115 kV for Tansw ission 10 a connection point on Line 56 near Mattawamkeag. The substation will be
lacated near (he north end of the project {see Figure 2). Relative to applicable sound level limits,
operation of the subslatwn and transmission line is not expected to generate significant sound ievels.
Consequently, sound leve] estimates for the wind project do not include thes:: facilities.

The majority of the proposed turbine areas are presmtly_ used for commercial forestry opérations and
contain devzloped logging roads that will be upgraded and ased, where appropriate, to minimize
clearing and wetland impacts. The turbines will generally run north-south along vanous ridges with
base elevations of the turbines ranging from approximaiely 700 vo 1,260 feet above mean sea level. In
addition 1o the turhine structures, the project will include construction of an operations and mamtenance
facility at the, soulh end and a substation near the north cnd of Rol[lns Nurth '

Eor the proposed GE w:nd turbmes, spacing between turbmes within l.he two turbine clusters (North and
South) wili range from a minimum of approximately 720 feet to over 4,000 feet. There are no external
lacdddére or similar structures proposcd on the towers and no guy wires or extema] cables. Access for
maintenance will be provided by ladders located inside the towets., '

Based on aerial photography, field surveys and local tax records, uses in the vicinity of the project
consist of undevelopediforesiry land in areas surrounding the turbime sites and rurai residential
properties mostly over 3,000 feet from the proposed wind turbines. The majority of residential
properties in the. vicinity of the project are located in the Town of Lincoln between the North and South
turbine clusters, With the exception of a few seasonal residences (camps) within the general area of
Rollins South, the residential properties between Roilins North and South are the nearest to the praposed
wind turbinss. Additional residential parcels are located in Lee approximately one mile east of Rollins
North and in Burlington approximately 4,000 feet east of Rollins Sowth.

Evergreen Wind Fower III (Evergreen 1) has purchased property or obtained leases with local
landowners 10 install and operate wind turbines at the proposed locations. Evergreen 111 has also
obtained agresments with landowners who may experience sound levels from the project that have the
potential to excesd applicable sound level limits. As set forth by Maine DEP 375.10, Section C.5.5, &
noise easement exempls the project from Maine DEP noise limits and remains in effect for the specific
noise, parcel of land and term covered by the agreement. A Vicinty Site Plan showing the pmpused
wind turbine layout and substation Jocation in relation to surrounding land uses and residences is shown
as Figure 3. Parcels for which Evergreen 1! has a lease, easement ar other agreement are indi

Figure 3.
o) 57‘”‘% Ao %é
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4.0 NOISE CONTROL STANDARDS

Relevant roize standards consist of regulations established by the Maine DEP. Maine DEP Regulation

Chapter 375,10, Comirol of Noise, established in November 1989, applies hourly sound level limits at

facility property boundaries and at nearby protected locations. Prolected locations are defined as “any

iocation accessible by foot, on a parcel of Jand containing a residence or approved subdivision....” In

addition to vesidential parcels, protected locations also include but are not limited to schools, state parks,

and desigrated wlldemess arcas (ref Mame DEP 375, ]0 G.16).

W s - am—

The houri} zquivalent sound level (Laegur) resulting from routine operation of 1he W|nd project is
limitad to 75 dBA at any facility property boundary. The limits at protected locations vary depending
on lonal TOning or surmundmg land uscs and E'ustmg {pre- devtlopment} ambient sound levels,

At proteciled Imatlans within cnrmnermal!y or mdustnaﬂy zoned areas, or whece the predominant
surrounding land vse is non-residential, the houcly sound Ievel lirnits for routine operation are 70 dBA

daytime (7:00 a.m. to 7:00 p.or ) and 60 dBA nighmime (7:00 p.m. to 7:00 a.m.). At protecied locations

within residentially zoned areas or where the pradominant surrounding land use is residential, the hourly
sound level limits for routine operation are 60 dBA daytime and 50 dBA nighttime. [n addition, where
the daytime pre-development ambient hourly sound level a1 a protected location is equal to or fess than
45 dBA andfor the mghtl:me hourly sound level is equal to or less than 35 dBA, the hour!y sound level
Yimits for routine operation are 55 dBA daytime and 45 dBA nighttime. For areas where pre-development

ambient sound levels exceed the specified limits at a protected ]ocauon limits may be chosen as 5 dBA less than
the pre- dev-lopmem sound levels (ref Mame DEP 3'?5 10 C l}

In all cases, mghmme Ilmn.s a‘t a pro1ec1e:d location app‘.iy up to 500 feet from sleeping quarters. At
distances over 500 feet or where no sleeping quarters exist, daytime limits apply during all facility
operating hours (r2f. Maine DEP 375.10,G.16). Where various limits apply depending on the distance
from sleeping quarters, all limits must be met at the protected location. .

The Maine DEP regulation establishes sound level limits for canstmctlon mamtenance and Toml and
short duration repﬂtltwe sounds as follows:

c.an.s g‘lon - Sound from nightiime construction is subject to the same nighttime limits as routine

.. operation. Even though daytime construction limits are contained in Maine DEP Chapter 375.10,
noermal daytinme construction sound levels are exempt from this regulation by Maine Statute (38
M.R.S.A. Section 484). Equipment used in construction must also comply with applicable federal

neise regulalions and must include environmental noise control devices in proper working condition

as originally provided by its manufacturer (ref. Maine DEP 375.10.C.2).

fdainigiemee - Sound from routine, ongoing maintenance activities are considered parl of routine
operations and subject to the daytime and nighttime limits for routine operation. Sound from
occasignal, major overhaul activities is regulated as construction activity (vef. Maine DEP
573.10.C.3).

Short Duration Repetitive gnd Topal Sounds - When routine operations produce & shorl duration
repetitive or {onal sound, 5 dBA is added to the observed sound levels of these sounds for
determining compliance. There is also 8 maximum sound level (L g ) [imit for certain types of
short duration repetitive sounds (ref. Maine DEP 375.10.C.1.d and e).

Sounds aisociated with certain activities are exempt from regulation under Maine DEP Chapter 375.10.

Exempt activities associated with the proposed wind project may include (ref. Maine DEP 375.10.C.5):

«  Construction activity during daylight or daytime hours, whichever is longer;
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« Emzrgency maintenance and repairs.

An exemplion alsc applies at protected locations where the landowner has conveyed a noise easement o
the project that allows the project to potentially exceed the Maine DEP sound level {imits.

‘When a development is located in 2 municipality that has duly epacted a quantifiable noise standard that
{13 coptains limits that are not higher than the Maine DEP limits by more than 5 dBA, and (2) limits or
addresses the types of sounds regulated by the Maine IDEP, then the Maine DEP is 10 apply the [ocal
standard rather than the Maine DEP smndgpd Further, when noise produced by a facility is raceived in
anpther municipality, the quantihiable noise standards of the other municipality must be taken into .
consideration (ref. Maine DEP 375.10. B.1).

Inquiries ta towrn offices and review of land use ordinances for Burfington, Lee, Lincoln and Winn
indicate tha: no quantitative noise standards have been enacied in any of these municipalities.

50 EXISTING SOUND LEVELS

Measurements of the pre-development ambient sound levels are required only when the developer efacts
to establish that the daytime and nightlime ambient hourly sound ievel at representative protected
locationis exceed 25 dBA and 35 dBA, respectively (ref. Maine DEP 375.10.H.3.1), Without such
ambient measurements, the Maine DEP quiet timits of 55 dBA daytime and 435 dBA nighttime apply at
nearby protected locations. In recognition of the rural nature of the site and to be conservative,
Evergreen [1) has elected to apply quiet limits at nearby protécied locations even though pre-
development ambient sound levels under weather conditions suitable for wind rurbine operanon can
excead the quiat area thresholds of 45 d.BA daytime and 35 dBA nightiime.

6.0 SOUND LEVEL LIMITS

Maire DEP sound level limits 2t protected locations and property lines have been deiermined for the
Rollins Wind Project based on Jandowner agreements and fand uses. Evergreen |1} has abtaiped leases
or agreements with many local landowners that exempt the project from sound level limits uader the
Maine DEP noise regulation. As set forth in Maine DEP Chapter 375. 10, these sound Fevel limils apply
1o rottine operation of the proposed wind project and substation.

The most restrictive Maine DEP sound level _Iimit of 45 dBA applics during ni ghuime hours at locations
i residential parcels that are within 500 feet of a residence. The quiet daytime limit of 55 dBA applies
during daytime heurs (7 am to 7 pm) and during all hours at locations on residential parcels thal are over
300 from a residence. Maine DEP sound level jimits do not apply at protecied locations where
landowners have signed agreements with Evergreen 111 authorizing sound fram the project that wouid
exceed otherwise applicable Maine DEP sound level limits, Table ! presents a list of receiver points in
the: vicinity of the wind project where the most restrictive sound leve! limits apply, These receiver
naints are also showa on Figure 3,
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_ Munine DEP Rearly Sound Level Limits (dBA) by
Receiver Distance From Nearest Maine DiEF Bowrly Limit (dBA)
— Foini Description Wind Turbine (ft) Daytime Mighttime Limid Basis
Rl Ent of Roins Nonh and 4,660 55 45 Quiet Vimans & proecied
500 {eer from dwelling - location
R2 - Southsest ofRn]lms Nor:h' 2018 55 45 Chuied {imits a1 proteciad
al residential Jot line _ loeation
USRI N, r— S K —
R3 Sputhmest of Rollins North 2,140 LR L 45 Quiet hmllsaji:n‘ntccled
’ and 500 feet frot dwel ling locarion
R4 North of Relling South at 2,090 T8 45 Quict himuts at prowecicd
: sesichentiad 1ot Tive glong, . - locaton ~
4a8b Rosd ___{
15 East ol Rolling Soudh and 1590 55 45 Qi bynits @) prosecicd
500 fect from dwelling lotatiom
| “lice Flgu:e 1. ‘v'lcmm' Sire Plan,

The Maine DEP repulation speclf' es sound level Timits in terms of hourly A-weighied equivalent suund
tevels {Luggair). Al protected locations where tonal or short duration repetitive sound levels are present
from operation of the wind project, 5 dBA is ddded to Ihese sounds fm- purposes of detenmining .
compliance with applicable sound level limits. -

46  FUTURE SOUND LEVELS -

7.1 Conschicﬁou

Sound from construction aciwlty is both temporary and va.nab[e Many consu'uctlon machinés operate
intenmittently and equlpment varies with each construction phase. A variety of construction equipment
will be used 10 build the wind praject including earth-moving equipment for land ¢learing, excavation,
and site prading, and cranes 1o erect the wind turbings. Typica! earth moving equipment and cranes
generaie sound levels of 75 to 88 dBA at a distance of 50 feet,

Seund Jevels from construction may be noticeable in the vicinity of the site, especialiy during blasting,
exzavation and grading. Local maffic during construction is expected to increase on some public roads
along with associeted sound levels from construction vehicles. Because of the temporary nature of
construction, no adverse or long-term effects are anticipated.

The mobile nature of construction equipment and the manner in which construction work must be done
makes complete control of construction sound infeasible, With the possible exceprion of nighttime
blade lifts, construction activity will occur between the hours of 7a.m. and 7 p.m. or daylight hours, and
therefore is rot subject to Maine DEP sound limits. Scund from nighttime crane |ifs is not expacted to
exceed sound levels from routine operation.

Oiher meas 1es 10 mitigate construction sound levels will include compliance with federal regulations
limiting scund from trucks and portable compressors, and ensuring that equipment and sound muffling
devices provided by the manufacturer (or equivalent) are kept in good working condition,

.2 Proposed Operation

Octobar 30, 2008 o Resource Systems Enginesring
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Onperation of the proposed project will consist of 40 wind turbines operating up to 24 hours per day and
seven days oor week depending on weather conditions.

% RSE developed a sound level prediction model to estimate sound levels from aperation of the proposed
Rollins Wind Project. The acoustic model was developed using the CADNAJA software prograth 1o
map area terrain in three dimensions, locate proposed wind turbines end calculate outdoor sound
propagation from the wind turbines. Area topography and wind turbine locations, for entry into
CADNA, were provided to RSE by Siantec based on USGS topographic information and project design.

The wind project ¥ill be capable of operating any time of the day or night, including holidays and
weekends. However, the wind turbines will only operate when the wind incident on the turbine hub is at
or above the cut-inn wind speed of 3 meters per second (6.7 mph). During perieds of light or calm
winds, sound leve! emissions from the wind project will be virtually non-existent, As the hub-height
wind speed increases to 3 meters/sec, the turbines begin to rotate and will reach full sound power ouviput
at a wind sgeed of approximately 9 meters per second {20.1 mph) or 60% of rated power output. Full
power generation from the wind turbines occurs when the hub-height wind speed is at or above 11.5
meters per second (25.7 mph). The turbines shutdown or “cut-out™ when winds reach 25 meters per
secand (56 mph). Figure 4 presents a plot of the sound power level and power generation versus wind
speed at the turbine hub for wind speeds ranging from 3 to 15 meters per sécond. Figure 4 indicates that
futl sound power occurs at or above 9 meters per second and the sound power level is approximately 4

dBA less at 8 wind speed of 7 meters per second.

Figure 4. Sound Power Level and Power ﬂllput of GE 1.5 sle Wind T‘urbme in Refation to Hub Wind
Speed

GE 1.5 sle*

Sound Powsr L wef, 8
Fow er Qutput, kil

55 4— 1o
H 4 b 5 0 1} 14 16

Hub u;itht Wind Spedd {meter/sec)

~p=Sound Power Level  —¢—Turbwne Output

“Evcliufes Uacormaiatly Facter of £ 2 d8A per GE Technizal Docpmenation - Noise Emixsion Charncienistics (2003} and Confidence
Level of +2dB4 per GF Yechnical Specification — Noise Emigsion Compliance, GE Wind Energy, May 2005,

RSE calculated seund levels for simultaneous operation of the GE 1.5 sle wind turbines at all 41
praspective wind turbine lacations at full sound power as defined by GE Energy. These moderate 16 full
load conditiens exist with wind speeds at or above 9 meters per second (20.1 miles per hour) at the
inrbine hud. The wind turbines were treated as point sources at the hub height of 80 meters (262 feaf)
above base/erade «levation using sound power levels from GE Energy (Technical Documentation Wind
Turbine Generator System GE 1.5 sl/sle 50 & 60 Hz, Noise Emission Characteristics, 2005). Seund
level estimates are based on the operating sound leve] at full sound power plus an uncertainty factor of
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plis 2 dBa based on the GE specification and measurements by RSE of similar turbines during full

operation.
0 inetersssac.

Sound Jevels from the wind turbines are not expected to increase al wind speeds greater than

GE Energy determined turbine sotmd power levels in accordance with 1EC 61400-11, Wind Turbine

Generator Systerns — Part 11: Acoustic Neise Measurement Techniques, 2002. Table 2 provides sound
power levels by third oclave and whole octave frequency as provided by GE Energy.

TABLE2

2

Scund levels from wind turbine operation were calculated for six receiver points (R1 to R6) in the
vicinity of the proposed wind project. Receiver points represent nearby protecied locations where the
most stringent MDEP nighttime limits apply. Sound levels at these receivet paints have the greatest

potential to exceed applicable Maine DEP limits. Dwellings and protected locations closer {o the wind

lurbines than the receiver points {see Figures 3 and 6) have entered into a lease or agreement with
Evergreen 11 30 that Maine DEP sound level limits do not apply at these properties {ref. Maine DEP
375.10, Section C.5.5). Sound level attenuation from the wind turbines to the receiver points was

calculated by the acoustic model in accerdance with 1SO 9613-2 “Antenuation of sound during

r)\)

propagation outdeors™. 150 9613-2 is an intemational standard commonly used for predicting scund

levels from a noiss source for moderate downwind condition in all directions.

For Hollins Wind the prediction model calculales atiepuation due to dislance, almospheric absorplion
and intervening terrain, Conservative factors were applied for ground absorplion assurning a mix of

hard and soft grc-und The surfaces of nearby lakes were specifically mapped and assigned no ground

?5@30;1)&*#** renpfe\— no allpoomet

4 cfva ‘}Vfr‘”"‘ condvhiomo /‘%ND

o

fre
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absorplion as apprapriate for a hard, reflective surface. The model caleulations exclude atrenvation
{¥omn foliage, which has the potential 1o reduce sound levels.

The stated accuracy of sound level attenuation catculations per 150 9613-2 15 plus or minus 3 dBA, To
compensale for accuracy inherent in the calculation and measurement methods, 3 dBA has been added
10 the specified sound power levels. This is in addition ro the plus 2 dBA. uncertainty factor from the
GE specification. Conseguently, the overal! adjustment to the rated sound power levels [rom GE
specifications (Table 2) is plus 5 dBA yielding 2 sound power level of [0% dBA for model calculattons.

7 rdevel measurements of similar operating wind turbines under a variery, of weather and site conditions.
1

.~ _ This adjustment reflects the range of sound levels for the proposed wind project based on RSE sound %ﬁ

From these contours, the expected sound level from full operation of the wind turbings can be ‘
determined for any point within the study area. Calculated sound levels at the receiver points are ‘E

- ol Rt i'l'k- ‘-’.‘JW}W
lﬁiﬁg the model, :ound lével contours for operation of the proposed wind project were calculated for
the gntlge study area. These results are presented in Figure 5 with the sound level contours of 55 dBA
and 45 dBA are highlighted comresponding to Maine DEP quiet daytime and nighttime fimits.
Information for the project study area as presented on Figure 5 includes the {ubine Jocations, USGS
topograpiic contours, parcel mapping with hatching to shows parcels with easements or agreements,
dweliing locations, public and private soads (red lines), and water bodies. A legend indicating the map
symbols is provided on Figure 5.

-~

indicated on these figures. Table 3 compares esumatbd sound levels at the receiver points with Main (/
DEP nighttime sound level limits. %

. TABLE 3 }_\U B ‘_P \;‘P
ESTIMATED SOUND LEVELS FROM WIND TURBINE CPERATION ;
Distance tp Nearest Wind Estimated Hoarly Sound Maine DEFP Nighitime d«’
Receiver Position - Turbine, Feet Level, Loy ay Limi¢, dBA
Rl 4,660 38 Pt . V'
R2 2025 44 45 J
'R3 2,140 a3 45
R4 3 - 32 45
RS 2870 42 45

The results from Table 3 indicate that sound levels at full operation of the wmd project will be below
the Maine DEP nighttime noise limits at the receiver peints.

There are likely 1o be Jarge fluctuations in wind speed from the hub height of the wind turbines at 262
feet 1o the regulated height of four to five feet dbove ground level. This can be a significamt factor in
sound emissions and outdoor propagation from both the wind project and ambient, non-turbine sound
levels. The quietest periods of the day or night generally occur when the winds are hight or calm. In
addition, as the wind speed incident on a wind turbine drops below 9 meters/sec, sound levels from the
wrbine are reduced. Ambient, non-turbine sound levels, particularly from wind forces acting on trees
and vegetation, may increase significantly when the turbine wind speed reaches @ meters/sec or greater,
as required for full sound power,

Variations in wind speed with elevation (wind gradient} may result in very different wind spesds near
1he ground than at turbine/rotor heights. In addition, there may be areas near the ground that are
sirielded from winds at cenain directions. For example, with'the general ridge line direction running
north-south, lower land to the east would be protected from a westerly wind. Under these conditions,

Loh

N

e
L ]

- 5
-1 "'- = i .- B Pt-'h

T e 1 %ams: N q‘._‘:* w e

ST ‘1 oy

‘high winds may b=- present near the top and 1o the west of thc wmd turbmes but w:nds 1na_v be relatively

{
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* result in the 6 dBA increase required to be SDR sounds as set forth i m "Maine DEP 375.10.

Clamnigi [ abkbdie S dren haw vl
J/ La—u/-\ det. S Vam dm aia”*w

-t:ﬂ-'
cahn just ezsi of Ue ridgeline. Consequently, the degree of masking by wind-induced ambient sound E
will ductuase depending on the wind speed, direction, ard location. b L-

A regulated tonal sound occurs when the sound level in a ane-third octave band exceeds the,amhmmc

average of th scund levels in the two adjacent one-third octave bands by a specified dB amount based

on octave serer frequencies (ref. Maine DEP 375.10.G.24). Turbine performance specifications

indicate scraz potential for tonal sounds to occur in the 160 Hz third-octave band. Both the ¢:
specifications and measurements of operating turbines by RSE indicate that the tonal threshold of 8

dBA is not ikely to be exceeded. Therefore, the wind turbines ars not Bxpect ﬁ jenemle rc Lllated Q Vo 4

tonal sounds. s, PN
“'M/ 6"’4@"%‘ :‘)‘?c. L8 e Iy “[ﬁl

Short duration TEpL‘IltI'-’E (SDR} sounds are a sequerice of sound events each clearly discemnible

causes an increase of 6 dBA or more in the sound level observed before and after the event. SDR sound
events are typically less than 10 seconds in duration and occur more than once within an hour. '
Maasurerants and observations by RSE during wind turbine operations indicate that sound lzvels can ,[?J)
fluctuate over bricf periods as noted by the passape of wind turbing blades. Observed measurements ﬂ
further indicate that these sound Tevel fluctuations typically range fr0m 2 to 4 dBA and thus do rot v

L L *im-"‘v“
B0 CONCLUSIONS AND RECOWENDATIONS . :

The primary objectwes of thc Sound chel Assessmem were 10 dctennme applicabrle sound level limits v,

al protected locations and lot lines, estimate future sound Jevels from the proposed wind power project,
and evalvate compliance with applicable sound level iimits. Existing land uses were identified using a

combination of sile maps, aerial images, and field observations. Sc-und leve! estimates of future wind

operation were calculated using a [emain-based acoustic mOdEI . Dﬁ # érqpb f f\ MQ

Sound ievel limits were applied per Maine DEP 375. 10 based on land us.e mapping and Iandown V‘h -
- agreements. To be conservative with this sound level assessment, quiet limits of 45 dBA nighttime and tﬂfﬂ v

55 dBA daytime were utilized per Maine DEP regulations even though pre-development sound levels Char P¥aa ¢ ‘
during conditions suitable for wind turbine operation can exceed Maine DEP thresholds for existing
sound levels in a quiet area. In n’”""

o P
The resuls of this assessment indicate that seund levels ﬁ'orn operation of the Rollins Wind Project will ? fj
not exceed Maine DEP sound levels Im‘uts du.rmg construction or routine operationn. Specifically,
model estimgtes show that sound levels from the wind project will be beiow the Maine OEP nighttime
limit of 45 IBA within 500 feet of a residence ar nearby protected locations: Model estimates show that

the property limit of 75 dBA will aiso be met, : o bhhu W,.hb C{\‘l‘{ﬂﬂ .

Prior to operation of the wind project, RSE recommends monitoring pre-development ambient sound
levels at points representing nearby protected locations and during periods representing wind wurbine
pperating conditiens. Ambient sound fevel measurements will provide useful data concering the

contribution of non-turbine sound tevels during future operation of the wind project.

Once construction and startup of the wind project are complete, RSE recommends monitoring scund
levcls during routine wmd project operations to verify compliance with relevant Maine DEP sound level
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FIGURE 3. VICINITY SITE PLAN (1 OF 2)
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FIGURE 3. VICINITY SITE PLAN (2 OF 2)

ROLLINS

r2)

f-

SOUTH

WIND TURBINE LOCATION
L] BOAT LAUNCH

Dctober 3, 2008

14

Rosource Systems Enpineering



FIBURE 5. ESTIMATED SQUND LEVEL, CONTOURS {1 DF 2)
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FIOURE 5. ESTIMATED SOUND LEVEL, CONTOURS (2 OF 2)
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DECLARATION OF COVENANT

THiS DECLARATION OF COVENANT is made by David and Willa Beitzel {collecrively,
“Grantor”), the ¢ wner(s) of a certain lot or parcel of land situated in the Town of Lincoln, County
of Penobscot, and State of Maine, more particularly described in the deed dated December 15,
1983 and recorded at the Penobscot County Registry of Deeds in Book 3484, Page 115
(hereinafte: reforred to as the “Servient Land").

WEEREAS, EVERGREEN WIND POWER ITIT, LLC, a Delaware limited liability
company having a mailing address at cfo First Wind Energy, LLC, 85 Wells Ave, Suite 305,
Newion, MA 02459 (“Grantee™), plans to construct and operate a wind power moject, including
wind turbine generators and towers and related equipiment, facilities, infrastructure and
substructorss (hereinafter referred to as the “Wind Power Project™, on lands near the Servient
Land, including (without limitation) the lands described on the attached Exhibit A;

WHEREAS, the Wind Power Project may include activities that produce annoyance,
inconvenience; or discomfort-te Grantor in conn:ctmn with its use and énjoyment of the Servient
Land; and o : . ol - . ; .

"WHEREAS,.Grantbr has agreed to grant a perpetual negalive covenant to Grantee, whereby
Grantor covenants and agrees not to object to the Wind Power Project operations,

NOw, THEREFORE, for good arid valuable consideration received, Grantor hereby grants a
perpetual negative covenant to Grantee, whereby Grantor covenants.and agrees for itself, its
heirs, successors and assigns, not to object fo the Wind Power Praject, or to any acuvxt:es ansing
from the construction or operation of the Wind Power Project that produce annoyance; | :
inconvenience, or discomfort 10. Grantor in connection with its use and enjoyment of the Sewi ent
Land, Without [imiting the generality of the foregoing, Grantor hereby: (a) agrees not to object
1o visual impacts, sound {including, without limitation, sound that exceeds otherwise applicable
siate or Jecal inaximum sound level limits for the Servient Land), shadow flicker, cell tower
interference, or construction or operation impacts made or arising in connection with the Wind
Power Project; and. (b) waives, releases, and forever discharges Grantee from any action, claim,
suft or proceeding in equity, law and/or administrative proceeding that Grantor may now have or
may have in the foture against Grantee (including, without limitation, any claim of negligencs,
public or private nuisance, trespass, or nfliction of emotional disiress) relating 1o any effect of
the construction ¢r operation of the Wind Power Project upon Grantor’s use and enjoyment of the
Servient Land.

This Declaration of Covenant shall extend to, be binding upon and shall inure to the
benefit of heirs, personal representatives, successors and assigns of the parties hereto. The
buarden of the negative covenant hereby granted shail run with the Servient Land. The benefit of
the negative coveaant hereby granted is not appuetenant to any particular property, bat shali be
transferable in whole or in part, and may be so0ld, leased, assigned, pledged, and mortpaged by
(Srzptee, it being 1he intent of the parties that such benefif may be transferred to any successors or
assignees of Grantee that own or operate the Wind Power Project, as it may be modified, divided

or expanded.



Octobar 25, 2008

Rxyan Chaytors .
First Wind, L1.C .. _ .
85 Wells Avenue, Suite 305

Newton, MA 02439 '

Dear Mr. Chaytfors:

This lefter 15 to ar:knuwled.ge that we are aware cf the ‘Rollins Wind Project proposed on
property adjacent o our own.on the Rocky Dundee Road in Buchngton We further have
agreed to provide First Wind a sound easement on our propery, It is our intention to

finalize tha dncuments memorializing that easement in the very near future.

Smce:el ¥,

A.lm Wam:n and Dﬁug Elkins -



WITNESS our hands and seals this&%_ day of ﬂ g?us_;l‘-, 2008.

In the presencs of: GRANTOR

- / i
- | I
D - Print: David Beitze)

Print;_ Willa Belizel

W E A - Olla C iéfit?_c,[ﬂ

STATEOF NV
COUNTY OF Ut swutd E‘-\_#!;r Q% 2008
Personally appeared the sbovenamed Doy cod L3 Ney (ﬂ, ﬁﬂ.&

and acknowlzdged the foregoing inshument to-be his/her/their free act and deed..

Before me,

ANB /N

Notary Public/Attongy-at-Law

Print Name: vepa)] "2
My Comrission Expires: W




The benefit of the negative covenant herehy granted may be enforeed by Grantes, its
successers ind assigns, by any appropriate legal or equitable remedy. [n the event that Grantee,
ifs successars or assigns, shall bring an action apainst Grantor, ifs successors or assigns, by
reason of 2 hreach or violation of this negative covenant by Grantor, its successors and assigns,
the substaritially prevailing party in such action shall be entitled to recover their reasonzble
atlorneys”. fees and court costs incurred in such action from the substantially non-prevailing party.

[Remainder of Page Left Intentionzlly Blank.]



EASEMENT

T EASEMENT is made by WILLIAM R WOTTON (collectively, “Grantor™), the
owner{g) ¢f cerfain lots or parcels of land situated int the Town of Lincoln, Counly of Penobscot,
ancl Siate o Maine, more particularly described in the deed dated July 20", 2005 and recorded at
the Penobiscet County Registry of Deeds in Book 10070, Page 242; and deed dated September

27", 2006 and Tecorded at the Penobscot County Registry of Deeds in Book 10668, Page 177
{_here. naftcr refemsd to as the “Servient Lang™).

WhHirEas, EVERGREEN WIND POWER 11T, LL.C, a Delaware limnited liability
company hzving a mailing address 2t ofo First Wind Energy, LLC, 85 Wells Ave, Suite 305,
Newton, MA 02459 (“Grantee”), plans to construct and operate awind power project, including
wind turbine generators and towers and related equipment, facilities, infrastructure and
substructuzes (hereinafier referred o as the “Wind Power Project™), on‘lands near the Servient
Land, inchuding {without lumtatmn) the lands desr:ribed on the a’ltached Exhlhu’ ; angd 5]!" l ) M'{?

WHEREAS, the Wind Power. Pro}sct wiil it sound mcludm g atf levels that may exceed b., J
————

pplicable stafe gz local maximum sound level linuts for the Servient Land, and may cast 4"1 Vl’
“sliadows onio or-produce a shadow ihicker effect at the Servient Land; /

<]

i

Now, THEREFORE, for good and viluable consideration received, Grantor hereby grants a
perpetual easement o Grantee for; () the right'to have sound generaied from the Wind Power
Project impact the Stvient Land and exeeed otherwise applicable state or Joeal maximum sound
“level limits applicable to locations on the Servient LI’ and () the nght to cast shadows or
shadow flicker from the Wind Power Project onto the Servient Land.

This Easerdent shall extend to, be binding upon and shall inure to the benefit of heirs,
personal reprasentatives, successors and assigns of the parties hereto. The burden of the
easerrient kereby pranted shafl run with the Servient Land. The bepefit of the easement hereby
granted is not appurtenant to any particular property, but shall be transferable in whole or in part,
- and may be sold, isased, assigned, pledged, and mortgaged by Grantee, it being the intent of the
parfies thal such benefit may be transferred to any successors or assignees of Granee that own or
cperare the Wind Power Project, as it may be modified, divided or expanded.

The benefit of the casement hereby granted may be enforced by Grantee, its successors
ard assigns, by any appropriate legal ot equitable remedy. In the event that Grantes, its
successors of agsigns, shall bring an action against Grantor, its successors or assigns, by reason of
a breach ar violation of this Basament by Grantor, its successors and assigns, the substantially
prevaling party it such action shall be entitled to recover their reasonable attormeys’ fees and
court costs tnsurred in such action from the substantially non-prevaiiing party.
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WITVESS ur hands and seals this o¢.3 3 day of O(’vé 'é"'r’ , 2008.

In the presenca of:

STATE OF Aew #ﬂmﬁd) e .

COUNTY OF _ S retfored

GRANTOR

100 BOAY

Print: Willtam R. Wotton

/e?/g;?zm” 2008

| Pers:mall} appcared the above-nﬂmed %/ /ﬁ R ? ﬁ/d?“;lvn

md acknowledgad the foregoing insttument to be hisfher/their free act and deed.
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DEP Testimony , February, 11, 2009

From:

Gary Steinberg, Doctor of Dental Medicine, DMD

BA Chemistry/Biology(Electrical Engineering background )

A past United States Public Health Service Commissioned Officer (04 Rank)

-

Iyental Turbine Demonstration NOISE > 150hz, with amplitude modulation
comapoencut, ‘
DhA for short duration

Head set, Noise Cancellation,. . why ?
Relation fo Military and Submairine, Aircraft, ships, Enclosed environment. Low
frequency droning, with high immission.

Low Frequency Components best measured with DbC. The best inclusive
measurement of > 3J0Hz

DLC

Curreant State regulations under Chapter 375 MRSA, section 343 are non-specific as
velated to the wind turbine noise, its amplitnde modnlation components, and indeed
sorely lacking for Industrial Wind Siting. Turbines were not in large use when the
regs were designed, and are not applicable to this Industry in the regulations
generalities.

Why?..

By utilizing all Dba Readings and having total Neglect of Dbe, the area proven to
affect bumans, the impacts are neglected and minimzed..

DBC is the most accurate, inclusive noise reading of Hz affects, it is percepteal,

measuring more accurately the human impact do to the immission affective noise
on humans by these massive turbines, -

Grinding of Eone v Turbine low frequencies 30-170 Hz, permeating the air and
Ground.even with anesthesia, you feel the vibrations , even if anesthetized.

fiffects zs they relate to humans....... Being numb belps, but the vibrations still are
felt by the humans...How about the effects from prolonged exposure to that sound,?
[mmissions are very strong from Massive Turbines, in the Db range, wind turns
turbines by external wind energy, Dental handpieces are wind turned, but it

internaily.

Site Noise —Con 2008 information, several examples, Time permitting



[nsert here applicable noise issues from Noise-Con 2008 conference{lime
permicting)

13ad Science is now used for siting , and Regulations are not using current Scicnee of
DBC a2l low frequency effect to Humans,

Firstwinds application is computer modeled DbA, bascd on poorly designed
sciencelesigned by the same indusiry that benefits from neglecting DbC use and
proper setbacks. Neglecting application of present Science and effects of DhC when
unsed in modeling, terrain, geography of terrain, and acoustic effects,, the science is
Skewed for application by this industry,it is not-independently reviewed, It
represents vested interest studies for the industry, not for Public Protection.
Setbacks are inadequate , IDBa levels allowed are extreme for rural areas(18-25 Dba
typical),(DbC is not even thought of) and Dr, Pierpoint’s WTS is real, and now
confirmed by recent research. (included).

The more inclusive DbC MUST BE USED AND BUILT INTO THE LAW for
Siting and Safety.

This area, Lincoln lakes is much akin to living in a Bowl with ap Island in the
middle. Nvise carries unattenuated in Lake regions on both side of geographic
ridgeline, and is refracted, , reflected from mountain terrain, making it worse. There
are hundreds of properties affected. Noise, Reverberating with little atienuation. Do
you think hundreds of property owners will tolerate this , knowing the facts of this
project and the effects on their lives and properties.Indeed, Low frequency Dbe
penetrates wood structures easily, unattenuated. Houses are permeated by high
immigsion low hz noeise, with little reduction 24/7/365.

Time limits are needed for military exposure to DbC effects in military vessels
where DbC has been studied . Exposure time limits are mandated in the military
for sach exposure.But humans may be exposed to this tarbine noise in the
cnvironment here 24/7/365, at random extended periods by massive wind turbines,
at high immission levels of DbC,,

Bnt imagine living near Turbines 24/7, with Low Freq DbC.

Lake areas on two sides of a n/s ridge, highly populated and inside hills, This is the
setting for problems waiting to happen, and future prolonged litigation and
potential human damage.

Add te this certain weather conditions(quiet summer eve with winds aloft able to

drive furbines ) and low ambient noise below(18-25Dba ambient) in these areas al
ihat particular time, and you have a disaster, with human effects, and deséruction
of the rural environments., with health effects, ruining the reason people live here
and purchase property for their happiness.



Correspondence between A, Fisk and D Littell, show weakness Of Maine DEP
regulations we non . utilization of good science, as represented by Kamperman and
Jamus oX E-coustics(see critique). ,Old regulations of DEP, non-specific fo the siting
of these machines, are not safely applicable. Nowhere are DbC levels used, the noise
that affects humans the mose .

However, Wind Sifing Sound measurements for siting and protection of the prblic
im Rurgl areas must be done, with real science,, This is not rocket science, it is basic
science. It is Straight forward when properly applied and executed...See
Kamperman/James/E-coustics. Info enclosed.

The poor modeling data used by RSE, designed for the industry , utilized by this
DEP application, is not good science, it is industrial desigued Pseudo-Science.
YWhere is the DbC? As the saying goes for modeling with computers, JUNK IN,
JUNK OUT?.

Set back data is completely inadeqnate, The industry legally limits suit fo close
abatters. They know poise is a serious issue for their industry. They know they must
hend data to install turbines in a given area, for the maximal profit in a non-
profitable industry that can’t exist unless it has large support from your tax dollar..

DbC it has been around for decades, is the proper way to measure perceived noise,
and must be used.1t is not rocket science, nor is it difficult to apply !

Finally ,low ambient noise in rural areas, at lower elevations, creates an issue when
turbinegs rum in the PM and early AM, with hill wind above, and calm, low anabient
neise prevent below, DbA<25 , creating a very bad noise isspe in this terrain with

numerous non neise- attennating lake bodies on two sides .see Van den Berg study.

Contrary to the industries wishes ,

Turbine Health affects are real. Dr. Pierpoints book, and a NEW STUDY I have
included , verifies that WT'S is real, and humans are very effected by it.An
important news study, based on the Human Vestibular System Research on low
frequencies by Todd, Rosengren, and Colebatch... August, 2008, proves this as
well.{enclosed).

Dr. Pierpoint’s study on WTS , and other research is peer reviewed, and valid.lt
must be used, and applied.

The scivnce is bere , the equipment is here and readily available for measurements
, the research is real. DbC meters have been around for decades, but for some
reason, the mdustry wont use them . I wonder why...?. Why is the Db(
hutton(right here), not being pressed? :

Ifinadly , as a health care practitioner, if 1 had the science, didn’t apply it
appropriately, expedited my operations on humans for politicized process ,it would



not anly be ayainst my professions code of conduct and ethics, it would be immoral
and  illegal. It would be malpractice.

To not ase the best research that you have , to use weak research and outdated ,
regulations in an expedited manner designed by the same people pushing the
procass, is akin to what I have stated above. In the least, it is a breach of Citizen
Trust and Your Mission as the Dept. of Environmatal Protection in this state.

Yau have the mandate , and the mission in this state, to protect the environinend,

and its inhabitants, along with The Dept of Human Services. DHS must be invelved

in this process as well. _
You have a serions mission, not to be Expedited!: demanding the highest standards

for the vitizens, (not Wind Corporations) .
And I will add this as well..And I site the following.

From the Constitution of the State of Maine, Article L.

“All power is inherent in the people; all free governments are founded
in their authority and instituted for their benefit; they have therefore an
analienable and indefeastble right to institute government, and to alter,
reform, or totally change the same, when their safety and happiness

require it.”
All citizens in this state will assert their Rights..

Press the C button! {(from digital DB METER used in

testimony in my Hand)

Attached docwmentaton.
I.How to Guide on Siting Wind Turbines to Prevent Health Risks FROM SOUND
Georye Kamperman, Richard James (E-Coustic Solutions)
2.Propagation of Noise From Wind Turbines on-shore and off-shore
Bo Sondergaard, Delta Danish Electronics, Light and Acoustics wwowv.delfa.dk
3.Moise Radiation From Turbines Installed Near Homes, Effecis on Health
FreyBA,MA, Hadden Bsc,FRICS June 2007 (full .pdf to be forwarded)



d.tenewzble Portfolio Standards.

S.Noise-Con 2008, July 28-31, Dearborn Mich,

6.Fisk / Littell comments with E-coustic Commmentary

7. E-voustics replies letter

8. Chapter 375, sec 343 commentary Dr G steinberg notes

9, Firstwind DEP submission application Section 5, Section 27 with commentary, Dr
G. Steinberg

10.Rumfterd hospital CALL FOR MORATORIUM TO EVALUATE HEALTH
RISKS FROM INDUSTRIAL WIND TURBINES...e-mail release enclosed.

St J ¥ b




Maddox, Beckz — —

From: Maddox, Becky .
- Sent; Tuesday, February 17, 2009 8.30

To: ‘Warren Brown'

Subject: FW: Please add lo my testimony

Attachments: Windfarm noise[1].pdf

windfarm
ise[1].pdf (988 KB)
Warren,

Please add this to the informavion that I sent to you last week regarding the noise
questlions/concerns and scudias.

Thanks,
Becky

----- Original Message-----

From: GNS [mailto:gernish@yahoo,com]
Sent: Sunday, February 15, 20095 9:00 PM
To: Maddox, Becky

Subject: Pleasse add to my testimony

Hellu Becky,
Please include this PDF file with my information from 2/11/2009 testimony. It

has important information for DEP review. Thank you..
Gary Steinberg DMD

This is the end of the mail from GHNS...
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Section 1.0 ABSTRACT

Wind turbines are large industrial structures that create obtrusive environmental noise
poltution when buiit too close to dwellings. This annotated review of evidence and
research by experts considers the impact of industrial-scale wind turbines suffered by
those living nearby. First, the paper includes the comments by some of the families
affected by wind turbines, as well as coverage in news media internationally, The
experiences described put a human face to the science of acoustics.

Second, the paper reviews research articles within the field of acoustics concerning
the acoustic properties of wind turbines and noise. The acoustic characteristics of

. wind turbines are complex and im combination produce acoustic radiation. Next, the
paper reviews the health effects that may result from the acoustic radiation caused by
wind turbines, as well as the health effects from noise, becanse the symptoms parallel
one another. Primarily, the consequent health response includes sleep deprivation and
the problems that ensue as a result. 1n additicn, this paper reviews articles that report
rescarch about the body’s response not only to the audible noise, but 2lso to the
inaudible components of noise that can adversely affect the body's physiology.
Research points to a causal link between unwanted sound and sleep deprivation and
stress, i.e., whele body physiolegic responses.

These injuries are considered in the context of Human Rights, where it is contended
ihat ihe environmental noise pallution destroys a person's effective enjoyment of nght
to respect for home and private life, a violation of Article 8 of the European Court of
Human Rights Act. Furthermore, the paper considers the consequent devaluation of a
dwelling as a measure of part of the damage that arises when wind turbines are sited
too close to a dwelling, causing acoustic radiation and consequent adverse health
[ESponses.

. The review concludes that a safe buffer zone of at least 2km should exist between
family dwellings and industrial wind iurbines of up to 2MW installed capacity,
with greater separation for a wind turbine greater than 2MW installed capacity.



Section 2,0 INTRODUCTION
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Industrial wind turbines produce an intermittent flow of electricity but in the
process also produce undesirable noise emissions when installed too close to
people's homes, causing environmental noise pollution. {See Scction 6.5 of this

paper.)

Wind turbines located at a sensible distance from dwellings are unlikely to canse
envirenmental noise pollution and health problems. When the State allows
prionty to commercial interests, the reasonable needs of families and their
human rights are extinguished. There are questions of hurman rights and of
industrial and governmental ethics when developers construct wind turbines too
close to dwellings, especially when Government decision makers are fully
aware that there is a high probability that families may lose the right of respect
for their home and private life. In such instances, both the commercial groups
and the State are paity to the violalion,

This Review seeks to bring together research evidence in the professional
literature that addresses the substantive nature of the problem, both from the
acoustical and biomedical perspectives. However, the Review would be
incomplete without Section 3, Overview of the Problems - Personal
Perspectives, which includes the observations and reflections by these living
near wind turbines, as well as reports in the media. The Review also considers
the possible infringement of human rights when developers build wind turbines
in close proximity to dwellings. '

Precision in predicting noise levels in hores neighbouring wind turbines has so
far eluded the wind industry. As early as 1987, Glegg, Baxter, and Glendinning
reported on the problerns with predicting noise accurately:,

‘This paper describes a broadband noise prediction scheme for wind
turbines. The source mechanisms incliuded in the method are unsteady lift
noise, unsteady thickness noise, trailing edge noise and the noise from
separated flow ... [In] spite of these detailed predictions of the armospheric
boundary layer the noise predictions are 10dB below the measured levels ...
[The upwind] support tower cannort be ignored, since significant acoustic
scaftering occurs when the rotor blade is close 1o the tower. This can be
very important subjectively and so a theoretical model has been developed
which affows for the increase in radiation due to this effect. ' [Glegg SAL,
Baxter SM, and Glendinning AG. The prediction of broadband noise from
wind wrbines. Journal of sound and vibration 1987; 118{2): 217-39, pp 217-
218]

In a recent (2005) Report the Dti found further siudies of wind turbine noise
Were necessary:

‘However, the presence of aerodynamic modulation which is greater than
that originally foreseen by the authors of ETSU-R-97, particularly during
the night hours, can result in internal wind farm noise fevels which are
audible and which may provoke an adverse reaction from a listerer ... To
take account of periods when aerodynamic modulation Is a clearly audible
Jeatire within the incident noise, it is recommended that a means (v assess
and apply a correction the incident noise is developed.’ [Dti Executive



Summary of the Measurement of Low Frequency Noise at Three UK Wind
Farms, contract number W/45/00656/00/00, URN number 0671412,
Coniractor; Hayes McKenzie Partnership Lid, 2006.)

The report states that “... it may be apprapriaite 1o re-visit the issue of
aerodynamic modulation and a means by whick it should be assessed '

[p 65]

The wind energy industry and its consultants — acoustical engineers — claim that
the audible and inaudible noise effects have minimal consequence on humans
and that infrasound (OHz — 20Hz, part of the low frequency noise spectrum), 15
inaudible and weak and therefore not a human health risk. This review has not
found any epidemiolegical evidence to support these suppositions.

As more wind turbines are installed near homes, more communities are affected
by these complex sounds. Noise is the human face of the science of sound, z2nd
physicians are seeing the results. More people living close to wind turbines —
within 1.5km - complain of sleep deprivation, headaches, dizziness,
unsteadiness, nausea, exhaustion, mood problems, and inability to concentrate.

Physicians and researchers in the UK, Portugal, Genmany, the USA, Australia,
and New Zealand, among others, have observed a similar constellation of

symptoms.

Although acousticians and engineers working for the wind energy industry
conclude that audible noise and low frequency woise from wind turbines are
unlikely to cause health effects, experts in biomedical research have drawn
different conclusions. '

Indeed, in 2006, the French National Academy of Medicine issued 2 repon that
concludes:

‘The harmful effecis of sound related wind turbines are insufficiently
assessed ... People living near the towers, the heighis of which vary from 10
to 100 melers, sometimes complain of functional disturbances similar ro |
those observed in syndromes of chronic sound trauma ... The sounds emitted
by the blades being low frequency. which therefore travel easily and vary
according 1o the wind, ... constitute a permanent risk for the people exposed
(o them ... An investigation conducted by the Ddass {Direction
Departemeniale des Affaires Sanitaires et Sociales] in Saini-Crepin
(Charent-Maritime) revealed that sound levels 1 km from an installation
accasionally exceeded allowable linits.’

The report continues:

‘While waiting for precise studies of the risks connected with these
installarions, the Academy recommend halting wind turbine construction
closer than 1.5 km from residences.’

[Chounard C-H. Le retentissement du fonctionnement des eoliennes sur la
sante de Phomme (Repercussions of wind turbine operations on human
health). Panorama du Medecin, 20 March 2006]
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Waming signs of future problems with new technologies have been overlovied
or ignored in (he past, much to the detriment of the public’s health. One has
only to ook at the history of asbhestos and mesothelioma; tabacco and lung
cancer and chronic pulmonary diseases; thalidomide and birth defects; mercury
and neurotoxicity, x-rays and flvoroscopes and cancer; lead-based paint and
childhood peisening; and coal miners and black lung, i0 name but a few. The
pattern of imedical problems took time to emerge before a pattern of health
complaints were observed, followed by epidemielogic studies and public health

policy.

Human health effects may take years o emerge as a pattern, when the
detrimental effects are past correction. As the numbers of wind turbine
installations close to people’s homes increase, reports of health effects have
escalated, from sites across the globe. These problems do not appear to be
present where wind turbines are located at a safe distance from homes.

This paper brings together research evidence on the characteristics of noise
radiated by wind turbines and how that noise affects hurnan health, As this isa
public health issue, this paper also presents the advice and pelicy
recommendations of medical and epidemiological expetts.

This paper also considers whether as a result of reported health problems, the
noise emisston components of wind turbines should be regarded as an
environmental noise pollution, which is a violation of basic Human Rights.



Scction 3.0 OYERVIEW OF THE PROBLEMS:
Personal Perspectives

‘Britain showld be considerﬂbfy quieter than it is ... uniess something is done the
situation will spon become intolerable.’ [The Times, London, 3 July 1963|

This section of the paper, perhaps more than any other, illustrates that noise is the
human face of the science of acoustics. This secticn presents that essential - but
often ignored —side of the equatton: the voices of those directly affected by the
construction of wind turbines near their homes.

In 1966, Dr Alan Bell observed that noise is much more than an occupational

hazard:
‘Noise is a sensory inpul, devoid of information, that nevertheless demands
attention ... if is a public nuisance and a danger to mental and physical health
... The degree of annoyance is not necessarily divectly related o the intensity
of the sound ... The factors influencing community responses included lack of
sleep ... The resulits of past lack of forethought are aggravated by situations
still developing that will certainly create noise problems in years to come ...
Even rural peace is often shattered.” {Bell, A. Noise: an occupational hazard
and public nmisance. Geneva: Werld Health Organization, 1966.]

Both the European and British Wind Energy Associations, in their Best Practice
Guidelipes, state that:
‘Wind turbines should not be located so close to domestic dwellings that
they unreasonabiy affect the amenilty of such properties through noise,
shadow flicker, visual dominance or reflected fight.’

But these are only industry guidelines. Planning Policy Statement 22, section 22,
says that:

‘Renewable technologies may generate small increases in noise levels
(whether from machinery such as aerodynamic noise from wind turbines, or
Jjrom associated sources — for example, iraffic).

Local planning authorities should ensure that renewablie energy
developments have been located and designed in such a way to minimise
increases in ambient noise levels.

Plans may include criteria that sef out the minimum separation distances
berween different fypes of renewable energy prajects and existing
developments. The 1997 report by ETSU [ETSU-R-97, The assessment and
rating of noise from wind fanms] for the Dti should be used fo assess and rate
noise from wind energy development.’

This guidance 1s scrupulously followed by wind turbine developers and Planning
decision makers. Section 4.0 of this paper, Acoustics, addresses the litnatations of
ETS5U-R-97; yet it is interesting to note here that the standards in ETSU-R-97
appear to provide less protection to people than the standards of the World Health
Organisation Guidelines for Community Noise 1999.



1¢

ETSU-R-97 and subsequent policies based on that document fail to protect
families living near wind turbines, as the following illustrates:

For a fortnight beginning 12 January 2004, complainants and witnesses gave
evidence about their experiences living near the Askam, Cumbria, UK, wind
turbines. These wind turbines are rather modest compared to ihe larger turbines
of today: seven wind turbines, each 62.5m high.

Prior to the construction, the developers had assured the community that wind
rurbines near their homes would not create noise or visual disturbances.
Background noise prior to the wind farm was as low as 16.5 dB, with a nighttime
average of about 19 dB. The readings are now regularly in the middle to high
40’s dB.

‘Eventually the developers admitted everything that we kad claimed — but
still nothing has been done to resolve these problems to the satisfaction of
thase pecple who maiter.’ (Brierley D., Public Presentation, Askam,
Cumbria, 2006}

On seeking assistance from the local Council, the Askam residents were then
informed that ‘because of the court case of Gitlingham v Medway Council, the
classification of the area had changed wirh the passing of the planning
permission’. That is, the area where the wind turbines were built had been
reclassified as a mixed rural/industrial area: local residentis were unaware of this
reclassification. '

Consequently, their expectations of noise levels were considered ‘unrealisticolly
high " for an industrialised area, according to the local authority. [Brierley, 2006]

Indeed, when the Askam residents brought a case against the developer
PowerGen (E.oN]), the judge eventually ruled against the residents, saying that
“audibility and annoyance are not to be equated with nuisance,” [Brierley D,
Public Presentation, Askam, Cumbria, 2006)

The following are excerpts of siatements of caly a few who have lived near wind
turbine installations. Some of these families have coensequently moved home

because they felt it impossible 1o enjoy a normal family life by remaining.

It is important to remember that some of these statements were wrilten oy
presented several years after living with the daily, or nearly daily, intrusions of
noise and/or shadow flicker / strobing cansed by wind turbines.

Please note: In respect for the residents’ confidentiality, the authors are
identifying the families by number rather than by name.

‘Everything changed ... when the wind turbines arvived ...approximarely 700
metres away from our property ... At this point we had no idea how this
development (windfarm) was to effecr fsic] our quality of life and cause so
mtuch poin and suffering. Within days of the windfarm coming info operarion
we began to kear a terrible noise, but didn't know, at first, where it was
coming from. As it continued we eventyally realised the noise oviginated from
the windfarm. We were horrified. Were we the only ones suffering this noise?

g



11

12

Would this continue for ihe proposed length of time the windfarm would be
there i.e. for the next 20 years? The noise drove us mad. Gave us lieadaches.
Kepr us awake ai night. Prevented us from having windows and doors apen
in hot weather, and was extremely disturbing.’

Member of Family 01

Some time affter the wind turbines began operation, this resident learned that other
people were experiencing the same problems; they attemipted to voice their
concerns and their distress:

‘From that day, until the present, despite telephone calls, letters to, fand
liaison meetings with), the owner, the operators, representatives of the Parish
Council, the District Council, the local Planning Commiltee, the
Environmeniol Health Depariment and our member of Parfioment ... nothing
has been resolved.’

On one occasion, several of the wind turbines were switched off on the moming
of one bank holiday, to give this family some relief {this is 4 years on ...), but by
evening, the turbines were operational, and the noise retuned. This resident’s
statement continues with an anecdote: one of the wind furbine operators who
lived several kilomatres from the sire said

'... quite openrly, that he walked his dog on the foreshore ... and had identified
noise from the wind turbines ...over 4 kilometres away from the site.’

Occasionally the family would request that one or more turbines could be
switched off so that they could spend time in their parden, but:

I found it beyond belief that after almost 4 years we still had o ask for time
fo work in our own garden and even then to be resiricted to 4-5 hours.”
Member of Family 01

Other witnesses said thatl even without a view of the turbines, there 15 an audible
impact:

T cannat come to terms with the thought of this siteation continuing for
another 15 years. From our property we cannot see any of the turbines, but
we can cerfainly hear them.” Member of Family 02

‘They were noisy irmmediately, blades “whooshing " around ... if the wind is
from the East, or the South, the noise is horvendous. You can't get away from
the noise, where can you go? It's all around outside and you get if inside the
house as well. It's worst during the night, I have fo “bed hop " to get any
sleep ... but it doesn't work ... This noise is like a washing machine that's
gone wrong. It's whooshing, drumming, constant drumming, noise. 1 is
agitating. It is frustraiing. It is annoying. It wears you down. You can’t
sleep ar night and you can’t concentrate during the day ... It just goes on and
on ... Jt's torture ... [4 vears later] You just don 't get a full night's sleep and
when you drop off it is always disturbed and only like “cat napping”. You
then get up, tired, agitated and depressed and it makes you short-tempered ...
Our lives are hell.” Member of Family 03
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One resident near the wind farm, & mechanical engineer and his family, accepted
the developer's assurance that the turbines would not be 2 noise nuisance.
However, when the wind turbines becamie operational, they began to experience
problems with noise. Following this, they then discovered that other families had
similar problems. The developer denied that any problem existed:

‘The wind farm was described as “inaudible”, which clearly wasn 't true.
They also denied the existence of upwind noise, a fact they later retracied and
admined did exist ... ot one of these meetings Mr -, of -, said ... that his
comparny was nol prepared to take any action to reduce or eliminate’ the
phenomenon of shadow flicker. 'Throughout the negotiaiions with the
developer’s side, it has been disappointing to encounier the amount of
“stonewalling” and intimidation; which culminated in the threat of legal
action against us, when our sole intention was to remedy the problents
inflicted on us by the presence of the wind farm, which caused the various
nuisances.” Member of Family 04

Another family living near the wind turbines, who had also been reassured by the
developer prior to the installatien that notse would not be a nuisance, did indeed
experience & ‘noise nuisance’ when the turbines became operational. Ata
meeting, a representative of the developer, when asked about the problems with
noise, especially after assurances that noise would not be a problem at this site,
responded:

‘... no wind farm was “inaudible”. Isuggested that any further
correspondence publicising wind farms in general should in future, be
correctly worded and not misiead the general public in this way ... everything
we were complaining about was being aggressively fought against by the
developers ... My personal feeling is that the residents have been let down by
all the parties involved, but specifically by the Environmental Health
Depariment’s apparent inability to resolve whar is a genuine and distressing
sequence of noise nuisances that have gone on now jor over 4 years.'
Member of Family 058

Yet another resident living near the wind turbines, although not visible from his
home, found the noise from the turbines dismirbing, especially when the wind
prevails from the East, which is frequent:

‘It was like the Chinese water lorture, it was constant pulsating noise. Ialso
had to move bedrooms on occasions in an attempt 1o escape the noise. It's a
Jeeling as much as a noise ... It’s an irritating and liring noise, especially
when vou have not had any sleep because of it.” Member of Family 06

The litany contimues: One resident, with many years work experience of oil and
gas exploration, development, and production, inciuding work as a consultant
internationally, questioned the wisdom of installing wind turhines near homes. It
was not the technology to which he objected. However, he felt reassured by the
developer that the wind turbines would not create a nuisance, and that the
developer would safeguard their ‘continuing quality of life’:

It is not necessarily the noise level per se, but the nature of this noise. It may
nor be consiant. it has lasted some 10— 12 days without respite, with varying
intensity such that even when not present you are waiting for it to re-occur.

10
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The most apt description is that il is an audio version of ihe Chinese Water
Torture. The notse is such that the noise is feif as much as heard ...
Developers have been informed ... that this noise is making people iff,
although I have no experience of this. This. I believe, may be atiributable fo
the low frequency element of noise created by the wind farm. This
phenomenon is documented in a repor! published by DEFRA, where wind
Sarms are confirmed as a source of low frequency noise.’

Member of Family (7

This particular resident was ‘appalled’ when the signatory of the developer's
letter assuring the community that the wind turbines, when operational, would not
create a noIse nuisance, later admitted to him privately, that:

‘There is noise with all wind farms. It is to be expected and you have (o live
with it.’

*This confirmed my worst fears that the residents had been misled _..°
Apparently, the developer eventually provided attempts at noise mitigation:

'This, [ believe, is an admission that noise problems exist ... the developers
wani 1o diciate the times of day, duration and location of the residencies [sic]
that will and will not be affected by noise emarncting from their wind farm.
This is entirely contrary to the [developer’s] letter and the BWEA and EWEA
guidelines ... It is alsc contrary to the EHO s mission statement as publicly
depicted on their web site.” Member of Family 07

And from a farming family:

'The noise is a big “"Whooshing " noise ... I hear it inside my home ... If ] 5it
in the garden it's there, not always as it depends reaily on the wind direction
and if the wind is fiom the west side of my property it is worse ... [ am not
against wind energy, but these are definitely in the wrong place. If only
someone had come and fooked at it or evenr if they came 1oday, they would
realise what I am trying to say.” Member of Family 08

One family has since moved away; their home was 680m from the nearest
wind turbine. :

Another family tha¢ has since moved away lived 700m from the nearest wind
turbine. -

Another family is moving away; they live 800m from the nearest turbine.

Of the other witnesses, distances from the nearest turbines range from 600m
to 1000m. One resident, who lives 390 m away, sleeps with the radio on, but
this person declined to testify.

In a paper known as “The Darmstadt Manifesto”, published in September
1998 by the German Academic Initiative Group, and endersed by more than
100 vaiversity professors in Germany, the German experience with wind
turbines is described in graphic terms:
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‘More and more people are describing their lives as unbearable when they
are directly exposed to the acoustic and opricaf effects of wind farms. There
are reports of people being signed off sick and unfit for work, there is a
growing number of complaints about symptoms swch as pulse frregularities
and states of anxiety, which are known to be from the effects of infrasound
[sound frequencies below the normal andible limit],”

In Bradworthy, North Devon, UK, noise complaints lodged to the local
environmental health officer after three wind turbines — each 85m high [75m
approved, built at 85m] — became operational in 2005, are still unresolved. One
resident, who lives as near as 533m to these three turbines, endures

‘'sirobe or shadow flicker entering my Kitchen, Conservatory and Sitiing
room, ail on the East side, when the sun rises in the east, in Awtunmin and
Winter bekind the wind turbines. This will last for three months and is NOT
ACCEPTABLE ... The prolonged flicker causes a eadache, affects my eyes
and causes diserientation.’

This resideat has observed and described the noise at various times of day, in all
weather conditions, and rarely is there a lull in the noise, which is charactensed,
depending upon the strength and direction of the wind, as swooshing, swishing,

whining, a constant acroplane drone, a police siren, and like a spin dryer.

‘That shadow flicker would cause problems was denied 3 times in the
planning appeal book.' [MH, Bradworthy]

Yet, the developer’s Planning Appeal stated:

‘Shadow Flicker. As previously Stated, this is not considered an issue dueto
the distance and orientation of the turbines to the nearest dwelling.’

Insiead, this property owner explains that the shadow flicker ‘actually reaches
past my property and over a public highway ... 500 metres away is too close.’
[MH, Bradworthy]

In a letter 1o the Western Morning News, 16 Ociober 2001, Patrick and Phoebe
Lockett, of Wadebridge, Cotnwall, UK, wrote:

‘We live near the Bears Down windfarm in North Cornwall, where there are
16 turbines between 750 and 1450 metres from our home, and we are
subfected to intrusive noise. When the wind direction is south to south-
westerly, there is a rhvthmic thumping sound which disturbs us and our
neighbours, in our homes and gardens, day and night.

We are writing to residents in the areas of North Devon where there are
proposed wind farm developments. advising them rnot to take reassurances
Jram developers at face value.

I qaote from a letrer we received in October 1998 from National Wind
Power’s head of operations and technology, John Warren:

“We are 100 per cent confident that there will be no noise problem at any
nearby residence,”

12
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NWP say that they do not know why the turbines are making this noise. They
are monitoring it and tell us they will try some experimental adjusimenis lo
the turbine blades. Our only hope is that NWP's invertigations will provide a
soiution to the distressing situation in which we and our neighbours find
ourselves.’

Two years later, in a letter to the Western Moming News on |5 November 2003,
Phoebe Lockett wrote:

‘We are stili experiencing noise problems with the turbines an Bears Down.’

The Courier-Mail (Queensland, Australia) reported on 4 October 2005, that a
Queensland government-owned wind farm, which began operating in 2000, was
creating sleep disturbances and noise problems at nearby properties. Jum and Dot
Newman said:

‘... the throbbing, thumping noise from the generators could be heard at ail
hours of the day. It was very frustrating in the beginning and makes us
extremely upset, but there is nothing we can do about it.”

After a year, the couple decided 10 move, but conld not find a buyer for their
property. The newspaper reported that:

‘A number of Victorian residents know exactfy how the Newmans feel and are
equally angry ai Stanwell Corporation.”’

Stanweil had assured residents that they would not be dismrbed by the turbines.

With two 60m towers standing 750m and 810m from their homes, Keith and
Terry Hurst said:

‘Jt was terrible, we had real trouble sieeping and the worst part was we
decided 1o move and it took 18 moniks fo sell the place.’ In a "booming’
property market, they lost money selling their house. One reaf estale ageni
said that ‘it was nearly impossible o sell a property within one kilomelre of a
wind furbine or a proposed wind turbine,'

Stanwell’s spokesperson said that:

'... independent experts and ngise level monitoring had verified the Toora
Wind Farm [as] fadly compliant with its operating permit conditions.'
(Gregg N. Wind energy not resident-friendly. The Courier-Mail,
Queensland, Ausiralia, 4 October 2005.)

A common thread runs through these observations by those who live near wind
turbines: It is pot necessarily only the loudness of the noise; it is also the
character of the noise that is disturbing. The wind turbine noise is periodic;
intermittent; ‘whooshing’ or ‘swishing’; it interferes with outdoor activities at
one’s home and with sleep or studying, i.e., it severely disrupts normal family
life.

13
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As one of those living near the wind farm in Askam observed:

‘You think “Oh it’s stopped” — then it starts up again.’
{(Member of Family 0%)

In New Zealand, a man may be forced from his home because noise from wind
turbines will make his house ‘uninhabitable’. After 20 years, it is understandable
he is reluctant 1o leave, However, the nearest of the planned twelve turbines is
only 500m from his boundary, and the decibel levels will exceed those allowable,
according to the state-owned power company’s representatives.

In 2005, a family living near the Te Apiti wind farm in New Zealarnd, had 1o
move house because noise and vibration ‘made if impossible for them (o stay .
[hitp:fistuff.co.nz : Turitea man fears ke 'll have to go. 10 November 2006]

Indeed, those living near the Te Apiti wind turbines have first-hand experience
with those problems: -

... in an easterly there is an intrusive rumbie for days on end. They say the
wingdmills emitted a low frequency roise for three days on end, making their
fives a living hell.’

At another time,

“... the rumbling was so bad it sounded like one of those street cleaning
machines was driving up and down near the house. In fact it sounded like it
was going o come through the house, ” said Wendy Brock.

According to Meridian, the developer:
‘... it’s a small number of peaple making a big noise about nothing.’
And another Meridian spokesperson, Alan Seay, said that:

‘ver 1he moniloring has shown quite clearly they were well within the
ruidelines.’

[Fhury of complaints after wind change. TV1 News, New Zealand, 25 July
2005, hitp://tvnz.co.nz/view/page/d11749/599657 ]

[n Nova Scatia, Canada, ore family and one wiad farm developer have drawa
different conclusions from similar noise readings at the family’s home. Although
the family insists that the noise from the 17 wind turbines — the closest is 400m
from their home — has affected their well-being, the developer does not
acknowledge any deleterious effects on the family. [Keller J. Nova Scotians flee
home, blame vibrations from 17 turbines for loss of sleep, headaches. Canadian
Press, 13 November 2006, http://thestar.com )

The d’Entremont family complained of noise and low frequency vibrations in
their house after the wind turhines began operation in May 2605, The inaudible
roise deprived his family of sleep, gave his children and wife headaches, and
‘made it impossible for them to concentrate’. They now live nearby; if they
return to their home, the symptoms return.

14



3l

32

33

34

‘But a study refeased this month by the federal natural resources department,
which oversees finding for wind farm projects, found ne problems with low-
Jreguency noise, aiso known gs infrasound,’

The government report concludes that the measurements:

‘indicate sound at infrasonic frequencies below typical thresholds of
perception; infrasound is not an issue’.

The developer says he was not susprised by the report’s findings:
It essentiafly says that there's no issue whatsoever with infrasound.”’
D’Etremont hired his own consultant to record the noise levels at his home:

‘Gordon Whitehead, a retired audiologist with twenty years of experfence at
Dathousie University in Halifax conducied fesis.’

Whitehead's data was similar to that of the government's report. However, as a
health prefessional, Whitehead reaches a different conclusion:

"They 're viewing it from the standpoini of an engineer; 1'm viewing it from
the standpoint of an audiologist who works with ears ... The report shouid
read that {the sound) is well below the auditory threshold for perception. In
other words, it’s quict enough that people would not be able fo hear it. But
that doesn't mean that people would not be able to perceive it.’

Whitehead explains that

... low-frequency noise can affect the balance system of the ear, leading to a
range of symptoms including nausea, dizziness and vision problems. Ir's not
perceptible to the ear bui it is perceptible. It’s perceptible to peopie with very
sensitive balance mechanisms and that's generally people who get very easily
seasick.’

The developer has acknowledged that some questions remain:

‘From our perspective, I think it's reafly up to the scientific community fo
really address and research such issues (as low=frequency noise} ... [ know
there is research that poinss to different directions. ' [Keller J. Nova Scotians
flee home, biame vibrations from I7 turbines for [oss of sleep, headaches.
Canadian Press, 13 November 2006, http://thestar.com ]

In a newspaper anicle describing the d’Etremonts’ situation and the wind power
company’s position, Michael Sharpe, a Dalhousie University audielogist, said
that:

‘Even if someone isn't affected divectly by low-frequency noise. the constant
swoosh of the blades, even af aflowable levels, can have psychological effects.

“If the sound is audible and it annoys you, then it can seent lowder,” says
Sharpe who compares it to a dripping tap that can keep someone awake at

night.
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“As your stress level increases, your awareness of the annoying sound
increases as well. As we know, elevaled stress levels for a prolonged peviod
of time can have a negative health effect. " [Keller I. Turbines stir up debate.
The Chronicle Herald, Halifax, Nova Scotia 21 May 2006.]

The d’Etrements are unable to sell their home because of the wind farm. [Keller
J. Nova Scotians flee home, blame vibrations from 17 turbines for loss of sleep,
headaches. Canadian Press, |3 November 2006 hitp//thestar.com ]

Dr Robert Lanvee, a Professor of Chemisiry who lives 3000m east of twenty
wind turbines — commissioned in 2003 — in Meyersdale, Somerset County,
Pennsylvania, USA, wrote to his County Commissioners (2005) after an
acoustician measured noise at his property that rose to 75 dB.

“These levels are much higher than those predicted by the company. There
are a number of reasons that may contribute to this. Probably the most
significant factor is the topology of the area. Our area has many mountaing
and valleys ...~

Dr Larivee quotes the US Environmental Protection Agency, which says that

‘noise levels above 45 dB(A) disturbs sleep and most people cannoi sleep
above the noise level of 70 dB(4). Emotional upset, irritability and other
tensions, may also arise. Noise contributes to ailments like indigestion,
ulcers, heartburn and gastrointestinal malfunction in the body.' [Letter from
Dc Robert Larivee, Meyersdale, Pennsylvania, USA, to the County
Commissioners http:4/www.pbase.com/wp/image/39285457 )

Another resident of Meversdale, who lives less than one mile from the twenty
wind turbines, wrote a lengthy letter on 7 March 2006 1o 'Interested Parties’.
Karen Ervin felt she had to 'share the realiries and impacts” of living near a2 wind
tarbine facility. She calls her situation the “Human Experimental Factor”, as
the commurity deals with ‘the muliiple nuisances and issues " affecting her
family, her neighbours, and local adjacent property owners during the two years
the wind turbines have been operating:

‘Prior to the building of the facility, our neighbors and we were never made
aware of the nuisances that oceur with a wind turbine facility. The noises
emitted from the turbines have definitely changed our sivle of living. The
noises produced from the blades turning on the turbines create a ‘threshing’
sound within and around our home as well as the adjacent properties ...’

"Af times it is difficult 10 fall asleep with the “pounding” of the turbings, One
is often awakened by the ‘droning " noise of the turbines, finding it most
difficult to fall back asleep. The noise becomes so disruptive; one can
concentrate on nothing else but the constant droming. During rhe winter
monihs, the noise is quite unbearable at times, sounding like drums bearing
constanily in the background. During the summer months, we cannot have
our windows open ..."

‘Advocates for these facilities will often compare this “threshing” noise 1o the
“peaceful” sound of waves beating against the rocks at the seashore; but |

16



38

39

4]

42

have been to the seashore and it certainly is in no way comparable to the
“calming sound’' af waves.’

Noise is not the only problem: flicker and *strobing’ are also nuisances. Ms Ervin
concludes her letter with this observation:

‘This industry without siringent regulations con be truly labelled a
“Pandora’s Box". Be careful for what is opened, and be prepared for the
negative impacts that have occurred and continue o occur with this industry.’
[Letter, Karen Exvin, Meyersdale, Pennsylvania, USA, 7 March 2006,
www.pbase.com/wp/image/39285457]

Yet another resident living near the Meyersdale wind turbine facility, Mr Rodger
Hutzel, Ir, and his family experienced

... noise muisance issues, specifically when trying to go fo sleep af night. The
noises are greater during the winter months. The neise appears to correlale
te a continudl droning sound. When awakened ot night, there are times rhat
is impossible [sic] to get back to sleep due to the threshing sounds produced
by the wind turbines.” [Letter, Rodger A Hutzell, Jr, Meyersdale,
Pennsylvania USA, 13 February 2005, www.pbase.com/wp/image/39285457]

In Mackinaw City, Michigan, USA, wind turbines rise 325 feet high, visible from
nearby homes. Kelly Alexandet’s home is Y4 mile away from the nearest turbine.
Initially Mr Alexander was in favour of the turbines, especially afier the

developer’s assurances that the wind turbines would not be noisy. Flicker is also
a problem, but this was never mentioned by the developer te Mr Alexander or the

community,
Once the turbines became operational, Alexander heard

‘a constant humming sound inside his home when the turbines are ninning,
whether the windows are open or not. He said the situation was unfiveable
and all he wants is _for things to be the way they were ...’

The wind energy company representative said that it “has lived ap to
ordinance requirements.’

Alexander's response was;

‘Stop lying about these turbines. Tell people the rruth.”
[Holland Semtinel, 31 December 2002]

In September 2002, the Mackinaw Journal reported on these turbines. Danny
Dann and Kelly Alexander said that the tarbines ‘were exceeding a 60-decibel
noise limit', and that ten other immediate neighbours were also concerned about
the noise. The Mackinaw City Community Development Director said that they
had sought legal advice because they did not have ‘amything in our lease
agreement io terminate the contract.’

The owner, Bay Windpower, planned to erect at least two more wind turbines in
the same area. [McManus S. Turbines still causing a problem, neighbors say.
Mackinaw Jowrnal, August 29 - September 26, 2002, p 3]
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In 2004, Dr James LeFanu wrote that ‘there have been some inieresting comments
on the substantial health problems - headaches, anxiety, sieep disarbances’
experienced by those living near wind farms:;

'The cavse seemns to be the low-frequency noise generated by the incessant
throb of their turbines (“like a concrete mixer in the sky ). " like to think {
ikmow a bit about sound, ” writes Basil Tate, a recording engineer from
Cornwall, “but ir always amazes me how my wife can feel low-frequency
sounds ihat are a long way away and be extremely distressed by them.” Litile
wonder that some of those living close to wind farms have been forced lo flee
their homes.” [LeFana J, Dr. In sickness and in health. Daily Telegraph 14
March 2004]

Unhappily, this is not an exaggeration. Gwen Burkhardt was surprised when
Dewi Jones, director of Windjen, which runs Blaen Bowi wind farm in Wales,
UK, said:

‘There are a fof of wind farms eperating in the UK and we haven 't come
across the complains before.” [‘Did wrbines make you sick? Journal {8 May
2005, www.thisissouthwales.co.uk ]

In her letter to the Journal [| June 2005], Ms Burkhardt wrote that:

4 .'.‘poké" to you and two of your employees on Marchk 10 this year ... [
explained to you in great detail about my own iliness which was alto brought
on by the low frequency sound emitting from the very same turbines.

It has caused me and my family a great deal of distress and has resulted in us
having to move awday from the area where | was born and where we have
farmed for the last 27 years. Have you just forgotten our conversation? Do
you simply not cave? ... I do remember you sympathising with me and alse
telling me that you would not like to live near the turbines yourself.’
[Burkhardt G. Complaints are not new. Journal, 1 June 2005,
www.thisissouthwales.co.uk ]

in July 2005, Mr Murray Barber wrote to inform Energiekontor AG about the
noise problems at the Forestmoor wind farm near Badworthy, Devon, UK. His
family’s home, located 650m from the nearest of three murbines, 15 affected
especially during calm days when the noise is very audible.

‘The noise nuisance caused is frritating, distracting, stressfil ... We do not
undersiand why it is necessary for all three turbines to be driven at a high
speed of rotation in absolure stifl air.” [Letter from M Barber to
Energiekontor AG, 12 July 2005]

In response, Energiekontor AG informed Mr Barber thar;
‘The threshold of hearing is considerably lower than these levels, so noise
from the turbines will be audibie, however, at a level which is considered by

the guidelines not to unduly affect ameniry,” [Letter to M Barber from
Energiekontor AG 19 huly 2005]
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In Fenner, New York, USA, when the trecs are bare, Wayne Danley’s wife *“flees’
the living room of their house because of the flicker created by the turbine’s
rotating blades. Mr Danley lives 990 feet from the nearest wind turbine: -

't sounds like at train going through, except the train never comes through ...
It's too close.’ [Neighbors complain of wind farm nuisances, The
Albuguerque Tribune, 28 April 2006]

In response, Marion Trieste, publicist for the Alliance for Clean Energy New
York, said:

‘There’s a lot of misinformation, and a lot of inflamed discussion about
negative encroachment.” (Neighbors complain of wind farm nuisances, The
Albuguerque Tribune 28 April 2006)

And according to Laurie Jodzicwicz, a policy specialist for the Alliance, there
are complaints about the ‘strobe-fight effects, but these occur only during
certain months of the year and depend on the sun's angle to the turbine blades.”
(Neighbors complain of wind farm nuisances, The Albuquerque Fridune 28 April

2006)

Given the sophistication of engineering design computer modelling, one might
presume that these effects could be calculated prior to the construction of the
wind turbines. However, Mr Danley had it right: the wind turbine was too close.
With appropriate planning and distances between homes and wind turbines, these
problems would not only be attenuated, they would cease (o exist.

“It’s not there all the time, but you're always waiting for it ... {It's] 1otally
infuriating.”

The thump-thump-thump ‘reverberates up to 22 times a minute,” said Les
Nichols, whe lives beside a wind farm in Askam, Furness, UK. Whea seeking
permission for the seven turbines, the developers ‘guaranreed there wonld be no
noise nuisance.” (Garrett A. Ugly side of wind power. The Observer, Sunday,
March 2, 2003)

Yet Bruce Allen, a director of Wind Prospect, the management company for the
owner, PowerGen Renewables, said that:

‘The wind farm “had not breached its planning requirements. It's a
subjective thing ~ like living beside a busy road.” ’ (Garrett A, Ugly side of
wind power. The Qbserver, Sunday, March 2, 2003)

Garrett’s article continues:

Giant wind turbines ‘planted on your doorstep ... can transjorm a tranguil
neighbourhood overnight into a menacing industrial site ... there are no rules
about how close they can be o homes.'

‘The Welsh Affairs Seiect Commitiee recommended they shouldn 't be less
than 1.5 kilometres (0.93 miles) from any house, but developers generally go
as close as between 500 metres (1,640 fi) and 600 metres {1,968 f1) ..."
(Garrett A. Ugly side of wind power. The Observer, Sunday, March 2, 2003)
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As Phoehe Lockett, who lives near the Bears’ Down wind farm in Cornwall, UK,
wrole in a personal cormmunication:

'There seems to be little known of what noise there may be from wind iurbines
and very few people who have genuine expertise in this area. The planning
guidelines and studies carried out beforehand are, in my opinion, of fittle
use.’

‘Please let me know if ] can be of further assistance, as I do not like 1o think
of others having to go through the same distress.’ [Letter, personal
comrnunication, 15 November 2003]

Eleven wind turbines, 121m high, have been operating in Taurbeg, Cork, Ireland,
since February 2006, where residents ‘are anything but kappy ... " The noise from
the turbines are causing sleepless nights; one resident said the noise was ike a
‘plane which consistently liovers but never lands.’

Another resident told the newspaper that ‘The thought of another six going up
within 300 metres of my front door is just @ nightmare ... The noise from the
windmills kept everybody in the area awake.’

There were a number of complaints about the inaccuracies of the photomontages
produced by the developer during the application process. Residents also suffer
flicker, and one person labelled the result ‘viswal chaos’'.

[Herlihy M. Windmills *are a nightmare’. The Corkman, 6 April 2006)

In the summer of 2006, eight wind turbines with an installed capacity of 16MW
became operational at Deeping St Nicholas, Lincolnshire, UK. The noise from
these turbines transformed the lives and the livelihood of the Davis family, living
in a farmhouse only 907m from the nearest turbine. Jane and Julian Davis, who
farm at Deeping St Nicholas and who leamed of the development while reading
their local newspaper, did not object to the development. They support wind
energy and believe that renewable energy sources are essential to preserving the
environment,

Although the Davis family cannot see the wind turbines from their home, the
noise - both inside and outside their home, and which also caused vibrations
within the structure of their home —~ has had a deleterious impact on their heaith
and sense of well-being. Pricr to the wind farm, they had ne problems sleeping
through the night, Now, when the wind blows from the southeast or the
southwesl, the noise from the acoustic radiation seriously disturbs their sleep.

‘They have spent more than 60 nights in the last six months sleeping at
friends " houses', and when home, they ‘are existing on less than jour hours
sleep a night and sometimes a lot less. ' [Couple driven out of home by wind
farm. Spalding Today (UK) 21 December 2006]

After taking its own acoustic readings, the local Counci! confirmed the noise

preblem, and it 1S investigating the matter further. [Davis I. Personal
communication, 19 Janary 2007]
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Local land agents have told them that their property is ‘unsaleable’. Although
consultants for the developer are evaluating the issue, and the Dti are
investigating wind farm noise, that does not alleviate the impact on the famnily.
[Tasker J. “Wind farm noise is driving us out of our hause.” Farmers Weekly 2
January 2007]

As the noise established itcelf as an ongoing problem, the Davis family leamed
that developers had used ouly predicted levels for their home without taking
actual baseline measurements. Indeed, background noise most often measured
below 2{ dB at night {and usually in the range of 14 dB); now noise in the range
of 40 dB occues when the wind shifts to the southeast or the southwest, and on
occasion, the noise has measured over 60 dB. [Personal Communication, 19
January 2007]

Quite generously under these circumstances, the Davis family continue to support
wind energy but believe that wind turbines must be sited further from homes
because the noise level and the impact of the noise cannot be accurately predicied.
Jane Davis says that:

“More needs to be done if wind power is to become a viable alternative source
of energy. It is a national issue and the Government ought (o be doing more
abous this if we need lots more wind power.’ [Spalding Today (UK) 21
December 2006]

The Environmental Statement that accompanied the developer’s application saxd
that there would be no noise. [Davis J. Personal communication, 19 January
2007)

Meanwhile, Jane Davis says that she and her family are literally ‘fighting for our
lives.’ [Personal communicalion, 19 January 2007]

Thess are the voices and concems of people who are despairing. However, with
civic spirit, they speak out to alert others to the realities of living near wind
turbines. As Bell noted in his 1966 report on noise for the World Health
Organization:

Anti-noise campaigns serve a useful purpose in focusing public attention on
the matter, they provoke discussion and are often a siimulus lo positive
cantrol measures,’

According to Dr Dilys Davies, consultant clinical psychologist:

‘Noise probiems can lead to il health’, leaving the person ‘more easily
disturbed by noise in the fuiure ... There is pressure on the heart, your
breathing and whole arousal system. Your muscles tense as you wail for the
noise, and if you are not careful you get used to being in that state constantly
... [Aitch, I Keep It Down. Telegraph, 2 December 2006]

Many of those affected by wind turbine noise believe that the developers and
decision-ioakers of the State have misled them. One explanation might be that
the methodology for calculating the disturbance levels created by wind murbines at
nearby homes is woefully inadequate, concentrating almost entirely on audible
sound levels while dismissing other noise characters with a ‘penalty in the
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condition’ [Planning Approval], which has produced unreliable information. The
consequent release of noise pellution on people’s homes produces sieep
deprivation and other health injury, and the adverse effects are entirely avoidable.

There appears to be a total "disconnect’ between the experiences of those living
near wind trbines and those who have a commercial interest.

The natural commercial instinct of developers is 10 maximise development
potential from land, thereby leaving the minimum distance between turbines and
hames. This presumes reliability and certainty in determining the physical
impacts on families. However, such reliability and precisien m calculating the
effects does not exist, as the wind energy industry nself noles in its professional
literature. (See Section 4.0, Acoustics, of this paper.)

Tt is 100 easy to dismiss the reports of noise disturbances and flicker effects by
people living near turbines. Yet these problems emanate from many pecple in
many countries, living in varied topographies, with one thing in common: they
all live in close proxihimuty to wind turbines. '

It is somewhat hypocritical of public officials to decry the despeiling of the
environment on & global basis, while ignoring the despoiling of the environment —
including noise pollution — on a local level. At what point will officials and
govemment agencies respond to these issues that involve the genuine — and
avoidable — suffering of those living pear wind farms? At the Jeast, further
investigation into the health effects is warranted, with a minimum buffer
zone of 2km between the nearest wind turbine and any dwelling.
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Section 4.0 ACOUSTICS

Acoustic Radiation experienced by people living near commercial wind turbines

In 2004, a small group met to consider the likely cause of adverse health effects
reporied by families where developers built wind turbines too close to their
homes. Prof James Lovelock, retired NASA scientist and Harvard Medical
School; Prof Ralph Katz, Chair, Department of Epidemiology and Health
Promotion, New York University; Dr Amanda Harry, physician; and Dr David
Coley, acoustician, Exeter University, decided the relationship was most likely to
be an acoustic radiation of sound characters, which in combination unbalanced the
natural function of the human bedy.

The reason for this is that the human ear responds not only to ‘loudness’, that is,
sound pressure, measured in decibels — dB ~ with which many people are familiar,
but also to sound frequency, measured in Hertz (Hz). [WHO Fact Sheet No 258,
2001]. In addition, sound affects the humnan body itself; even when a sound is
“maudible’ to the eas, the character of the sound may affect the body.

While the wind energy industry seeks 1o dismiss the adverse health effects
reported by families living near wind turbines, there is ample evidence from
medical ressarch that noise in diverse circumstances can indeed have a negative
impact on health. Noise can induce adverse physical and/or psychological
symptoms. The qualities of the symptoms are similar 10 the complaints of those
living near wind furbines. The phenomena may be produced intentionally, ¢.g., in
laboratory or in a specific instance, or unintentionally by the interacticn of
technical events, as with wind turbines.

Military weaponry exists that relies on low-frequency sound to disperse crowds or
control crowd behaviour. [The Cutting Edge: Military Use of Sound, The Toronto
Star (Canada), 6 June 2005] The effect of low-frequency noise at high intensitics

creates discrepancies in the brain, producing disorientation in the body:

‘The knees buckle, the brain aches, the stomach turns. And suddenly,
nobady feels ltke protesting anymore. The latest weapon in the Israeli
army ‘s high-fech rool kit.’

‘The intention is to disperse crowds with sound pulises that create nausea
and dizziness. It has no adverse effects, uniess someone is exposed fo the
sound for hovrs and hours.” [The Torooto Star, 6 June 2005]

5 Hillel Pratt, a professor of neurobiology specializing in human auditory response

at lsrael’s Technion Institute, said,

‘It doesn’t necessarily have to be a loud sound. The combination of low
Jfrequencies at high intensittes, for example, can create discrepancies in the
inputs to the brain.’ Such technologies produce “simulated sickness’,
[Pratt H. lf'ersonal communication, 14 March 2006]

I a subsequent communication, Prof Pratt explained that:

"... by stimulating the inner ear, which houses the auditory and vestibular
{equilibrium) sensory organs with high intensity acoustic signals that are
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BELOW the audible frequencies fless than 20Hz), the vestibular organ can

be stimulated and create a discrepancy between inputs from the visual
system and somatosensory system (that report sichility of the body relative
10 the surroundings) and the vestibular organ that will erroneously report
acceleration (because of the low-frequency, inaudible sound). This witl
create a sensation simiar o sea or motion sickness. Such cases have been
reported, and a famous example is workers in a basement with a new air-
conditioning system that all get sick because of inaudible low frequency
noise from the new system.’ :

[Pratt H. Personal communication, 15 March 2006]

6 Wind turbines create these unintentional acoustic effects via the confluence of
their design and operation. Noise, including low frequency noise, are long-
standing issues with wind turbine design and operation. The wind turbine interacts
with the topography, meteorology, spatial structure of the site, and with other
wind turbines on the site. As an example of this unintentional confluence: Wind
turbines produce visual flicker and strobe effects at certain times of the day, an
effect similar to driving by a stand of trees when the sun is behind them. Acoustic
characters and visual characters can combine and induce body ‘disharmony’. Dr
Bucha first identified this effect in the 19505, after he was asked to investigate a
series of unexplained helicopter crashes,

7 The pilots surviving the crashes reported feeling fine until the sudden onset of
nausea and dizziness. During the episcde, pilols lost control of their aircrah.
Bucha found that when the blades maintained a rotational rate for suflicient time,
the resulting strobe effect of sunlight closely matched human brajowave -
frequencies, The ‘Bucha effect’ is a seizure-inducing effect of light flashing in
bigh frequency, similar to epilepsy but without being restricted to a small fraction
of the population.

B In “Present Status of Aeroelasticity of Wind Turbines”, a report by Flemming
Rasmussen and his colleagues at the Riso National Laboratory, Denmark, the
authors observed:

“The term aeroelasticity is inherited from aeronautical engineering, and
applving this with respect 10 wind mirbines also makes an association io the
high level of technology, From this perception the wind turbine is a
helicopter. The aperation of the flexible rotor in the turbulent atmospheric
boundary layer Is influenced by the control actions involves many of the
same phenomena. ” [Rasmussen F; Hartvig Hansen M; Thomsen K; Larsen
TJ; Bertagnolio F; Johansen J; Aagaard Madsen H; Bak C; Melchior Hansen
A. Present status of aeroelasticity of wind turbines. Wind Energy 2003;
6{3):213-228]

9 The military bas made use of the combination of visual and acoustic characters to
control behaviour. A report of the United States Air Force Institute for National
Security Studies identifies and describes numerous non-lethal techniques. Among
those that pertain to acoustic and/or optical effects on human physiology, several
share characteristics with wind turbine noise and visual effects. [Bunker RJ, ed.
Nonlethal Weapons. USAF Insutute for National Security Studies, INSS
Occasional Paper 15, July 1997].
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‘Acoustic infrasound: very low frequency saund which can travel Jong
disiances and easily penetrate most buildings and vehicles. Transmission of
long wavelength sound creates biophysical effecis, nausea, loss of bowels,
disorieniaiion, vomiting, potential organ damage or death may occur.
Superior to ultrasound because it is ‘inband’, meaning it does not lose its
properties when it changes mediums such as air (o tissue. By 1972 an
infrasound genevator had been buill in France, which generated waves at
7Hz. When activated it made the people in range sick for hours.’

Tmﬁniqucs include:

a. Bucha effect: hagh intensity strobe lights that flash at near human brain
wave frequency causing vertigo, disorientation and vomiting.

b. Stroboscopic device: devices ernployed against demonstrators that use
stroboscopic Nashing; same principle as a discotheque strobe. In the 5 —
15Hz range, these devices can cause various physical symptomns and in a
small portien of the population may trigger epileptic seizures.

c. Lag time: The physiological time lag that occurs between the time a stimulus
is perceived until the body responds. In a healthy, well-rested human, this
takes about three-quariers of a second.

d. Sensory overload: A temporary inability of an organism to correctly
interpret and appropnately respond to stirnuli because of the volume of the
input.

10. Although the military examples use acoustic and visual devices that intensify

physiological reactions, the noise and visual effects of wind turbines produce
similar physiological reactions. Indeed, the physical complaints of these living
near wind turbines share symptoms, though fortunately, not at the levels induced
by the military devices. Unfortunately, these individuals living near wind turbines
experience the adverse effects without remission. Additionally, military use relies
upon high dosage over a short time span. Unintentional occurrence, as with wind
turbines, produces a small dose over a long time-span with apparent compounding
similar effects.

. Another example of military use of LFN is called SONAR (SO{und) NA(vigation

and R(anging). In “Navy adapts sonar to protect whales”, The Sunday Times
reported on 26 March 2006, that amid evidence that navy sonar was causing whale
and dolphin deaths by confusing them so that they would surface 100 quickly ‘that
they suffer fatal attacks of the ‘bends "

‘Navy warships are to be equipped with a £2.5m scanning svstem to spot
marine mammals after post-mortem fesis linked the death of beached whales
o military sonar.

The use of military sonar appears ro interfere with the echo-location system
the animals use to navigale, leaving them 50 disorientated they misjudge
depihs and swim fo the surface too quickly.

The low frequency system will operaie at long range and the MOD admits it
has the potentiaf 1o be harmful to marine life. Liz Sandeman, co-founder of
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Marine Connection, a conservation group, said, “Low frequency sonar can
irave! for hundreds of miles, yet the marine animal derection system wifl
only work for two miles™.’

12. Following the publication *Noise annoyance from wind turbines — a review’
[Pedersen E, August 2003], Pedersen et al published an article in August 2004,
‘Living close to wind turbines — a qualitative approach to a deeper undersianding’.
[Pedersen E; Persson Waye K; Hallberg LRM. Proceedings of [nterNoise2004,
Prague, 2004]

The authors state that;

a.

‘Informants annoyed by wind turbine noise perceived the impact of turbines
as a serious intrision of their privacy. The force of the violation
experienced was partly determined by the informanis’ conceprion of the
fiving environment as a place where audible and visual impact from wind
turbines did not belong. Categories increasing or decreasing the intrusion
were experiences of not being believed, being subjected 10 injustice, lacking
influence, and being ouf of control. '

‘Surprisingly many respondents reported themselves as annoyved by wind
turbine noise at rather low A-weighted sound pressure levels (dB),
compared 10 other sources of community noise such as traffic noise ... One
hypothesis is that wind turbine sound has special characleristics such as
amplitude modulations that are eastly perceived and that could lead 1o
annoyance even af low sound pressure levels (dB). Furihermore, in earlicr
laboratory studies where noise from different wind turbines were compared,
the most annoying noises were predominantly described by the subjects as
“swishing”, “lapping ", and “whistling”. " [Persson Waye K and Ohrstrom
E. Psycho-acoustic characters of relevance for annoyance of wind turbine
noise. Journal of sound and vibration 2002; 250(1): 65-73]

‘dn interesiing observation was that other responses due to wind turbines,
such as annovance of shadows from rotor blades, seemed to interact with the

" noise dose-response relationship indicating that exposure to roise from wind

turbines should be studied within its context’. [Pedersen E and Persson
Waye K. Audio-visual reactions to wind turbines. Proceedings of
Euronoise 2003; 5™ European Conference on Noise Control, May 19-21,
2003, Naples, Italy, 2003]

In describing the results of interviews with the srady group living close (o

wind turbines, the repart says that:

‘For some informants, the exposure reached further, not only intruding their
home environmen! but also into themselves, creating a Jeeling of violation of
them as a person. They expressed anger, uneasiness, and tiredness,
disclosing being under sirain, using a tense voice and sometimes crying
when talking abowt the impact of the wind trbines.

To be affected by the turbines to such a high degree, not being able to

protect oneself from the intrusion that constantly raised negative emaotions
was experienced as a serious decline in well-being and life guality.”
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13, In their article, “Aeroacoustics of large wind turbines’, Hubbard and Shepherd
observe that bmldings are affected by noise transmitted by wind turbines:

‘The transinitted noise is affected by the mass and siiffness characteristics of
the structure and s dynamic responses and the dimensions and layours of
the rooms. Minimum noise reductions occur ar frequencies near 10Hz,
probably because of associated major house structural resonances. This
Jrequency range of low noise reductions unforiunately coincides generalfiy
with the frequency range of the intense rotational harmonics. Noises in tlis
low-frequency range will probably not be heard by human observers but
may be observed indirectly as a result of noise induced wbmrians of the
building structure or furnishings.'

[Hubbard HH; Shepherd KP. Aercacoustics of large wind turbines. JASA
Journal of the acoustical society of America (98] June; 89(6): 249¢ - 2508,
p 2505]

14. In *Noise induced house vibrations and human perception’, Hubbard’s research
indicates that:

a. ‘A person inside the house can sense the impingement of noise on the
external surfaces of the house by means of the following phenomena:
noise transmitted through the structure ... vibrations of the primary
components of the building such as the floors, walls and windows; the
raitling of objects ...'

b. Addressing the issue of ‘whole body perception’, Hubbard refers fo the ISO
Guidelines and says that a noise level outside a building between 55 - 60 dB
(around 0.601 mns) in a frequency range of 0.1 HZ — 80 Hz, 15 the ‘Mosr
sensitive threshold of perception of vibratory motion by humans’,

[Hubbard HH. Noise induced house vibrations and human perception.
Noise control engineering 1982; 19(2): 49 - 55]

(5. In *Do wind turbines produce significant low frequency sound leveis?’ [2004], GP
van den Berg, observes that:

'Windows are usually the most sensitive elements as they move relatively
easy because of the low mass per area. Perceptible vibrations of windows
may occur af frequencies from | Hz to 10 Hz when the incoming 1/3 actave
band sound pressure level is at least approaching 52 dB; al higher or lower

Jfrequencies a higher level is needed 10 produce perceptible vibrations. As
can be seen in figures 1 —3 sound pressure levels above 50 dB af frequencies
below 10 Hz occur close to a turbine as well as 750 m distance and
Surther.” [van den Berg GP. Do wind turhines produce significant low
frequency sound levels? 11" International Meeting on Low Frequency Noise
and Vibration and tts Control, Maastricht, The Netherlands, 30 August — 1
September 2004. See also Stephens DG; Shepherd KP; Hubbard HH;
Grosveld F. Guide to the evaivation of human exposure to neise from large
wind turbines. NASA Naticnal Aeronautics and Space Administration,
Langley Research Center, Hampton, Virginia (USA), NASA-TM-83288,
March 1, 1982.] [emphasis added]
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16. In 2003, the new [nternaticenal Standard for ‘Equat Loudness Level Contours’ was
agreed (150 226:2003). In a comparative study with previous curves, Advanced
Industrial Scicnee and Technology (AIST) observed:

‘Between the new and the previous standards, very large differences are
" recognised up 10 about 13dB (decibels) for a wide area of frequency region
fower than 1KHz (1,000Hz).

A difference of 10dB means a 10 fold difference in sound energy and that
of 15dB corresponds to a 30 fold difference (fig 1).”
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Fig. i: Comparison between the new'and the preyious °
characteristice of equal-toudness-level-contowrs, Remarkable
differences are. observed in the low frequency range.

Soarce: AIST. Full revision of Intemanenal Standards for E.slqunl-l.oudncss Level Contours (130 226),
2003 hrep: ffwmww aist go Jp

[Note: The threshold of hearing at about 20 Hz is circa 75dB.]

L7. Ins a report by Dr D Manley and Dr P Styles, “Infrasound Generated by Large
Sources”, the authors discussed z test conducted near a wind farm in October
1994, using only vibration analysis equipment. Measurements were taken
between 0.75 miles and 2 miles downwind of the wind farm at the same elevation:

‘Wind speed was about 20 knots, and it was possible to hear turbines with a
characteristic ‘beat’ (at about 0.8Hz) ...

The blade rotation was usually timed at 43 rpm and therefore the main
seismic wave is related to the rotational period of the three bladed machine.

All three transducers show (from a typical frequency specira) that there are
odd numbered harmonics of the fundamental blade rotation frequency
(0.8Hz, 2.4Hz and 4.0Hz being examples).
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in March 1995 experimenis were repeated in eight places, in a location 0.73
miles UPWIND of the wind jarm, with a 20 knot wind. The speed of turbine
blades was visually measured at 43 rpm. The results clearly show a second
harmonic (a higher harmonic) spaced 2.15 Hz ...

[Manley DMIP; Styles P. Infrasound generated by large sources.
Proceedings of the Institute of Acoustics 1995; 17:239 — 246]

18. Wind turbines radiale noise not oniy above ground; they also radiate noise below
ground. Following his investigations of ground vibration at the Eskdalemuir
seismic monitoring facility in Scotland, Professor Peter Styles, in a summary
report to the Defence Estate, made these recommendations:

a.

To ‘define an exclusion zone of 10 km within which no windfarm / lurbine
development is acceptable.’

‘Between 10 and 50 km the TOTAL permitted windfarm / turbine generated
seismic yms ampllinde shouwld not exceed 0.25 rms measured at
Eskdalemuir’ {the recipient].

“This is best illustrated with fwo hypothetical exampies:

1. ‘A single windfarm of 3 (no.) x 1.8 MW nirbines located at 15 bom from
Eskdaleniiir will produce a predicted rms amplitude of 0.20 nin.’

ii ‘A single windfarm of 17 (no.) x 2.5 MW turbines located at 26 km
Jfrom Eskdalemuir will produce a predicted rms amplitude of 0.1 nrt.”
[Styles (Keele University). Summary Report to Defence Estates,
3 March 2004]

d. ‘We have clearly shown that wind turbines generate low frequency sound
(infrasound} and acoustic signals which can be detected ar considerable
distances (many kilometres) from wind farms on infraSound derectors and low
Sfrequency microphones. '

[Styles P; Stimpson I; Toon S; England R; Wright M. Microseismic and infrasound
maonitoring of low frequency noise and vibrations from windfarms: recommendations
on the siting of windfarms in the vicinity of Eskdalemuir, Scotland. Keele University
{UK), Report for the Ministry of Defence, 18 July 2005]

19, The July 2005 Report by Prof P Styles, et al, “Microseismic and Infrasound
Moanitoring of Low Frequency Noise and Vibrations from Windfarms"
commented:

“When the windfarm siaris to generate at low wind speeds, considerable
infrasound sigrals can be detected ai all stations out 1o ¢ 10km. Clear
harmonic romponents which are rhe second multiple and up of 1.4Hz (the
blade passing frequency) can be seen although interestingly and somewhat
enigmatically the blade passing frequency itself is not so sirongly detected”.
[p 66)

“We have clearly shown that both fixed speed and variable speed wind
turbines generate low frequency vibrations which are multiples of blade
passing frequencies and which can be detected on seismometers buried in
the ground at significant disiances away from the wind farms even in the
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presence of significant levels of background seismic noise (nany
kilomelres).” [p 76]

In answer to the question: "I we have a wind farm of N turbines, how does
the seismic amplitude increase as compared to I turbine?”

Answer: “We have shown it varies as the square root of N and this is to be
expected because the turbines are not all in phase and neither are they
operating at exactly the same frequency because of the slight possible
variations in rotation speed and alse wind conditions across the farm. There
Is afso a possible {0% variation in speed (Optislip) which widl cause
broadening of the spectral peaks . They are quasi-random sources and
therefore add as square roof of N. Therefore 100 turbines are 10 times as

noisy as ore, not 100 times.” [pI7]

[Styles P; Stimpson {; Toon S; England R; Wright M. Microseismic and infrasound
- monitoring of Tow frequency noise and vibrations from windfarims:

recommendations on the siting of windfanms in the vicinity of Eskdalemnuir,

Scotland. Keele University (UK}, Report for the Ministry of Defence, 18 July 2005]

*The Effect of Windmill Farms on Military Readiness ', a 2006 report by the US
Department of Defense for the US Congressicnal Committees, supports Styles et
al for the seismographic methods and devices used to measure low frequency
noise and vibration at Eskdalemuir.

However, the Department of Defense report recommends that the United States
modify the approach: -

" ‘Measuremems of seismic noise generated by wind turbines that Skiles made
must be updated o reflect the increased size of SOA wind turbines.”
(S0A = State Of the Art) [United States Depantment of Defense. The effect
of windmill farms on military readiness. Report to the Congressional
Defense Committees. Office of the Director of Defense Research and
Engineering, US Department of Defense, 2006, p 62]

20. Moreover, Hubbard and Shepherd (*Aeroacoustics of large wind turbines®, 1991)
observe in their discussion on Atmospheric Propagation,

‘Acoustic refraction that arises from sound-speed gradients associated with
aimospheric wind and temperature gradients, can cause non-uniform
propagation around a sound source.’

In an ‘Hlustration of the effects of atmospheric refraction, or bending of sound
rays, caused by vertical wind sheer gradient over flat homogeneous ground for an
elevated point source’, the rays are bent toward the ground in a downwind
direction. That is, the ground ¢an act as a large and effective microphone at low
frequencies,

21. The WHO Guidelines for Community Noise 1999 (8.4.2.1) say that:

“Reverberation times below I 5 are necessary for good speech inteliigibility in
smaller rooms; and even in a qulet environment a reverberation fime befow
0.6 5 is desirable for adequale speech intelligibility for sensitive groups.”
[Authors” note: See also Section 3.51 of this Review]
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22. Research by GP van den Berg, of the University of Groningen in the Netherlands,
examines how wind turbine sound acts in the environment. In “The Beat is
Getiing Stronger: The Effect of Atmospheric Stability on Low Frequency
Modulated Scund of Wind Turbines® [Journal of Low Frequency Noise,
Vibration, and Active Control 24(1}, March 2005], van dea Berg writes:

a. 'Our experience at distances of approximately 700 m to 1500 ne from the
Rhede Wind Farm, wirh the turbines rotating at high speed in a clear night
and pronouniced beating qudible, is that the sound resembles distant pile
driving,. When asked to describe the sound of the turbines in this wind farm,
a resident compares it to the surfon a rocky coast. Another resident near a
set of smaller wind turbines, likens the sound to that of a racing rowing boat
(where rowers simultaneously draw, also crearing a periodic swish),
Several refidents near single wind turbines remark that the sound often
changes to clapping, thumping or beating when night falls, like a wasking
machine.’ {p.14)

b. ‘Part of the relatively high annovance level and the characterisation of wind
turbine sound as lapping, swishing, clapping or beating may be explained by
the increased fluctuations of the sound [2.21]. Qur results in table 2 show
that in a stable otmosphere measured fluctuation levels are 4 to 6 dB for
single rurbines, and in long term measurements (over many 5 minute
periods} near the Rhede Wind Farm fluctuation levels of approximately 5 dB
are common but may reach values up to 9 dB." (p.14)

¢. ‘It can be concluded that, in a stabie atmosphere, the fluctuations in modern
wind turbine sound can be readily perceived. However, as yet it is not clear
how this relates to possible annoyance. It can however be likened to the
rhvihmic beat of music: pleasant when the music is appreciated, but
distinctly intrusive when the music is wnwanted.’ (p.15).

d. ‘The hypothesis that these fluctuations are important, is supporied Ey
descriptions of the characier of wind turbine sounds as 'lapping ',
‘swishing’, ‘clapping’, ‘beating’, or ‘like the surf".

e. Those who visit g wind turbine in dayiime will usually not hear this and
probably not realise that the sound can be rather different in conditions thai
do not occur in daytime. This may add 1o the frustration of residents’. [See
also Persson Waye et a), “Living close to wind turbines - a qualitative
approach to a deeper understanding™] ( p.15)

. Fluctuations with peak levels of 3 - 9 dB above a constant level may have
effects on sleep quuolity, The Dutch Health Council {*Effects of Noise on
Sleep and Heualth', pub. No. 2004/14] staies that ‘at a given L night valie,
the most unfavourable situation in terms of @ particular divect biological
effect of nighs-time noise is not, us might be supposed, one characterised
by a few loud naoise events per night. Rather, the worst scenario involves a
number of noise events all af which are roughly 5 dB (A) above the
threshold for the effect in question’. [emphasis added)

g. ‘For transportation noise (road, rail, air traffic) the threshold for motifity
(movement), a direct biological effect having a negarive impact on sleep
guality, is a sound exposure level per sound event of SEL=40 dB {A) in the
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" bedroom [Duich Health Council]. The puises in figure 6 have SEL-values
up to 30 dB (A), but were measured on the fagade. With an open window
Jacing the wind turbines indoors SEL-values may exceed the threshiold
fevel ' (pl5)

23. GP van den Berg concludes;

a. ‘Atmospheric siability has a significant effect en wind turbine sound,
especially for modern tall turbines.” {p 15)

b. ‘First, it is related to a change in wind profile causing sfrong, higher
aliitude winds, while at the same time wind close 1o the ground may become
relatively weak. High sound immission levels may thus occur ar low ambient
sound levels, a fact that kas not been recognised in noise assessments where
a neutral or unstable atmosphere is usually implied. As o vesult, wind
turbine sound that is masked by ombieni wind-relaied sound in daytime, may
not be masked at night time, [van den Berg GP. Effects of the wind profile
at night on wind turbine sound. Journal of sound and vibration 2004; 277
(4-5). 955 - 970]

c. Secondly, the change in wind profile causes a change in angle of attack on
the furbine blades. This increases the thickness (infra) sound fevel as weil a5
the level of trailing edge (TE) sound.

‘The calculated rise in sound level during swish then increases from 1 -2
dB to 4 ~ 6 dB. This value is confirmed by measurements at single turbines
in the Rhede Wind Farim where maximum sound levels vise 4 to 6 dB above
minimum sound levels within short periods of time.' (p 15 - 16)

d. Third, van den Berg notes that ‘aimospheric stability involves a decrease in
larpe scale rurbulence ... As a resuit surbines in the farm are exposedto a
more constani wind and rotate at a more similar speed with less

Sluctuations. Because of the near-synciironicity, blade swishes may arrive
simultaneously for a period of time and increase swish level

Sound level differences (Lamax-Lamn) (corresponding to swish pulse
heights) within § minute periods over long measurement periods near the
Rhede Wind Farm show that level changes of approximately 5 dB occur for
an appreciable amount of the time and may less often be as highas 8o 9
dB. This level difference did not decrease with distance, but even Increased
1dB when disiance fo the wind farm rose from 400 m 10 1,300 m. The added
3 — 5 dB, relative to a single turbine, is in agreement with simultaneously
arriving puises from two or three approximately equatly loud turbines. '

(p-16)

24. In 2001, Casella Stanger produced “Low frequency Noise™, a report for DEFRA
(Technical Research Support for Defra Noise programme). Section 4 addresses
the ‘Possible Effects of LFN":

‘As with any noise, reporied effects include annoyance, siress, irritation, uneqgse,
fatigue, headache, possible nausea and disturbed sleep.
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Low frequency noise is sometimes confused with vibration. This is mainly due 1o
the fact that certain paris of the luman bodv can resonate af various
Jrequencies. For example the chest wall can resonate at frequencies of about 51
to 100Hz and the head at 20 10 36Hz." [54.1]

25, In England, UK., decision-makers are guided by the State according to Plamming
Policy Statement 22 (2004).

PPS 22 “Noise’ states:

"The I997 report by ETSU-R-97 for the Dii should be used 1o assess and rate
notse from wind energy developments.” [emphasis added]

(Note: “should™ is not a command staternent.)

26. There were 14 Members of the ETSU-R-97 Noise Working Group (NWG),
in¢cluding the Chairman from the Dii. Nearly 60% were either from Power
companies invelved in wind farm schemes, wind energy trade associations, or
specialist advisors to wind fann developers. [Preface, p. i)

Indeed, the following statement appears in the introduction lo ETSU-R-97:
“While the Dii facilitated the establishment of this Noise Working Group this
report is not a report of Government and should not be thought of in any way
as replacing the advice contained with relevant Government guidance.

[Preface p.i]

27. ETSU-R-97 states in its Executive Summary that:

a. "This documeni describes a framework for the measurement of wind farm
noise and gives indicative noise levels thought 10 offer a reasonable degree
of prorection to wind farm neighbours, without placing unreasonable
restrictions on wind farm development or adding unduly 1o the cosrs and
administration burdens on wind farm developers or local authorities.”

[emphasis added] [Sunmary S. 1]

. "The NWG ... wind farms are usually sited in the mare rural areas of the
UK where enjoyment af the external environment can be as important as the

enviromment within the home.” (Summary S. 3)

c. " The NWG considers that absolute noise limits applied at alf wind speeds
are not suited to wind farms in typical UK locations and that fimits sel
relative to the background noise are more appropriate in the majority of
cases.” [Summary, 5.8]

d. “The recommendation of the NWG is that, generally the noise limits should
be ser relative to the existing background noise ar nearest noise-sensitive
properties ... We have considered wheiher the low noise limits which ihis
could imply in pariicularly quiet areas are appropriate and have concluded
that it is not necessary to use a margin above background approach in such
fow-noise environments. This would be andulp restrictive on developments
..."” (emphasis added) [Summary S.11]

e. Separate noise limits should apply for day-time and for night-time. The
reason for this is that during the night the protection of external amenity
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becomes less important and emphasis should be on preventing sfeep
disturbance. Day-time noise limits will be derived from bockground noise
data taken during quiet periods of the day and similarly the nighi-time
fimiis will be derived from background noise data during the night”
(night-time is defined as } Iprm-7pm)

£ “The NWG recommends that the foced limit for night-time is 43 dB(4). This
is derived from the 35 dB(4) sleep disturbance criteria referred to in
PPG24. An allowance of 10 dB{A) has been made for attenuation through
an open window (free-fleld 1o internal) and 2dB sublracted 1o account for
the use of LAY, 10min rather than LAeg. I 0min.” [Summary 5.23)

g “Lower limit"”

Applying the margin above background approach to some of the very quiet
. areas in the UK would imply setting noise limits down to say 25— 30

dB{A4) based upon background levels perhaps as low as 20— 25 dB(4).
Limits of this level would prove very restrictive on the development o
wind energy. As demonstrated below, it is not necessary to resivici wind
turbine noise below certain lower fixed fimits in order 1o provide
reasonable degree of protection of the amenity. * (emphasis added)

28. In contrast, two years after ETSU-R-97, the WHO Guidelines for Community
Noise 1999 set tighter maximum permitted levels for commuaity noise, yet ETSU-
R-97, page 20 refers to “the WHO document Environmental Heaith Criteria 12 -
WHQ 1980¢14). Clearly, ETSU-R-97 does not reflect the latest World Health
Organisation Guidelines for Community Noise,

29, m&ependent experts researched and wrote the WHO Guidelines for Curnmun.ity
Noise 1999. In brief, the Guidelines state: .

“In these Guidelines for Communily noise only guideline values are presemted.
These are essentially values for the onset of health effects from noise exposure.”

(5" paragraph S. 4.1)

“For each ervironment and situwation, the guideline values take into
consideration the identified health effects and are set, based on the lower fevels

of noise that effect health (critical health effects). (8 paragraph 8. 4.1)

“In dwellings the critical effects of noise are on sleep, annoyance and speech
interference. To avoid sleep disturbance, indoor guideline values for bedrooms
are 30 dB LAeq for continvous noise and 454B LAmax for single sound events.
Lower levels may be annoying, depending on the naiure of the noise source ... "
(5 4.3.1 & see also S 3.3 sleep disturbance)

“Thus when assessing the effects of environmental noise on jts people it is
refevant to consider the importance of the background noise fevel, the number of
avents, and noise exposure level independentiy.” (3™ paragraph S 4.1)

“Most problems accur at lower frequencies, where mosi environmental noise
sources produce relatively high sound pressure levels.” (S 2.6)



“If noise includes a large proportion of low-frequency components, vaities even
lower than the guideline values will be needed, because low-frequency
componen!s in noise may increase the adverse gffecis considerably.” (S 4.3)

“More regular variations of sound pressure levels with rime have been found fo
increase the annoving aspects of the noise. For example, noises that vary
periodically to create a throbbing or pulsating sensation can be more disnrbing
than continuous noise. (Bradiey 1994b). Research suggests that variations at
about 4 per second are more disturbing (Zwicker [989). " (3" paragraph S 2.3.2)

“At night sound pressure levels at the outside facade of the living spaces should
not exceed 43 dB LAeq and 60 dB LAmax, 50 that people may sleep with
bedroom windows open. These values have been obtained by assuming that the
noise reduction from ouiside to inside with the window partly open is 15 dB.”

30. It may seem that 15dB is 2 high level of attenuation through the external envelope

31,

especially for timber-framed buildings and high glazed arcas. However, the
guideline for the onset of sleep deprivation is 30dB, reduced if low frequency
noise characters are present and further reduced if throbbing/pulsating characters
are present — both of which are present for wind turbine noise. This lower figure
represents a new base level to which is added the noise attenuation factor for the
external envelope, with a window partially open, to give the outside fagade level.

[Note: the 30dB max for a bedroom is a continuous maximum noise level,
which is substantially different to the ETSU-R-97 guideline that allows 5¢B
above background noise.]

The importance of an *in the bedroom at night maximum level’ is emphasised by
the findings of GP van den Berg. YVan den Berg’s research reveals that [van den
Berg GP. Effects of the wind profile at night on wind turbine sound. Joumal of
sound and vibration 2004; 277(4-5): 955-970]:

Since the start of the operation of a 30 MW, 17 turbine wind park, residents
living 500 m and more from the park have reacted strongly to the noise;
residents up to 1900 m distance expressed anvioyance. To assess actual sownd
immission, long term measurements (a total of over 400 night hours in 4
months) have been performed at 400 and 1500 m from the park. In the original
sound assessment a fixed relation between wind speed ai reference height (10
m) and hub height (98 m} had been used, However, measurements show that
the wind speed at hub height af night is up io 2.6 times higher than expected,
causing a higher rotational speed of the wind turbines and consequentially up
to 15 dB higher sound levels, relative to the same reference speed in daytime,
Moreover, especially at high rotational speeds the turbines produce a

‘thumping |, impulsive sound, increasing annoyance further. It is concluded that
prediction of noise immission at night from (tall) wind furbines is
underestimated when measurement data are used (implicitly} assuming a wind
profile valid in daytime.’

32. During stormy weather, the background wind noise sometimes disturbs steep, but

to suffer wind hurbine noise in addition (as per EYSU-R-97} is likely to make
sleep intermittent if not impossible.
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"Many acoustical environments consist of sounds fram more than one source.
For these environmenis, health effects are associated with the total noise
exposure, rather than with ihe noise from a single source (WHO 1980b.)"
[WHO Guwidelines for Community Noise 1999, §.3.8, The effects of combined
noise sources]

31 In assessing how a level of below 30 dB is achieved (WHO $.43.1 & 8, 3.3),
allowance must be made for a window 1o be open in order to provide ventilation,
especially in warm weather. In addition, the sound reduction index of the external
wall is only part of the consideration. The construction of the ceiling might only
be a 15mm sheet of plaster, some thermal insulation (not sound insulation), a
paper-thin vapour barrier, and thin roofing slate. The transmission loss through
the ceiling or roof is slight.

‘The evidence on low-frequency noise is sufficiently strong to warrant
immediate concern. Various industrial sources emit continuous low-frequency
noise (compressors, pumps, diesel engines, fans, public works); and farge
aircraft. heavy duty vehicles ond railway traffic produce intermittent low-

JSreguency nolse. Low-frequency noise may also prodice vibrations and ratties
as secondary effects. Health effects due fo low-frequency components in noise
are estimated fo be more severe than for community noises in general (Berglund
efal. 1996)."

‘Since A-weighting underestimates the sound pressure level of noise with low-
frequency componenis, a betier assessment of health effects would be 10 use C-

weighting. " (WHOQ Guidelines for Community Noise 1999, 5.3.9, ‘The effects
of combined noise sources’.}

‘To protect the majorify of people from being seriously annayed during the
daytime, the sound pressure level on balconies, terraces and outdoor living
areas should not exceed 55 dB LA« for a steady, continuous noise. To profect
the majority of peopie from being moderately annoyed during the dayiime, the
vutdoor sound pressure levef should not exceed 50 B LA« These values are
based on annoyance studies, but most countries in Europe have adopted 4048
LAcq a3 the maximarm allowable level Jor new developments (Govleb T9935).
Indeed the lower level should be considered the maximuns allowable sound
pressure level for all new developments whenever feasible.” (WHO 5.4.3.1.)

34. It should be noted that:

a The 30 dB L Aeq is not variable with external weather conditions —itis a
fixed level regardless of external weather conditions and external
background noise.

b The natre of the pulsating beat of the wind turbine, together with probable
ground vibration, and the low frequency noise character, are clear reasons 10
support a lower level than 30 dB LAeq, especially at night.

¢ WHO Guidelines for Community Noisé 1999 does not provide for

- measurements limited to background noise plus 5 dB as per ETSU-R-97, but
clearly states that noise in a bedroom above 30 dB causes sleep disturbance.
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d [t s possible to concelve of a position where a lightly constructed dwelling
with minimal sound transmission loss between bedroem ceiling and the
external wall is subjected to an external wall sound 0(45 dBA at night. If the
WHO 304BA maximum bedroom level is applied but reduced to reflect the
pulsating character and the low frequency character, the actual measurement
inside the bedroorn, with the window open for ventilation, will be only
marginally less than 45 d BA, potentially creating a 15 dBA excess of sound
which is a staggering 30 fold difference in sound energy. (See S. 418 &
S. 4.40 of this review.)

35. The WHO Guidelines for Community Noise 1999 are shown on the follewing

chart:

Table 1: Guideline values for community noise in specific environments:
WHO Guidelirsas for Community Notse 1999

Specific Critical Health Effects LAsg Time LAmax
Environment [dB[A)] Basa fast
[hours] [dB]

Ouidoor living area | Sertous annoyance, daylime and evening 55 i8 -
Moderate annoyance, daytime and évening 50 16 -

Dwelfing, indoors | Speech inteligibility & moderate annoyance,

Inside bedroams daytime & evening 5 16 45
Sleep dislurbance, night-time 30 B

Outside badrooms | Sleep dislubance, window open {outdoor 415 ! 80
values)

School classrooms | Speech intelligibdity, distwbanca of information | 35 during -

& pre-schools, sxlraction, message communi¢ation dass

indoors

Pre-schaol Sieep dislurhance 30 sleaping- | 46

bedrooms, indoor time

Schoot, Anmpyance (exiamal scurce) 55 during -

playground play

outdoor

Hospital, ward Slesp disturhance, night-time 30 B 40

rpomes, Indoors Sleep disturbange, daytime and evenings 3¢ 16 -

Hospitals, Interference with rest and recovery as low

treaimen! rooms, as

indoors possdila
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The WHO Guidelines for Community Noise 1999 also examine the acoustic
measurement of sound:

‘The A — weighting (dBA) is most commonty used and is intended to
approximate the frequency response to our hearing system .. C— weighiing
{dBC) is also quite common and Is nearly a flat frequency response with the
extreme high and low frequencies attennated. When no frequency analysis is
possible, the difference between A weighted and C weighted levels gives an
indication of the amount of fow frequency content in measuved noise.” {WHO
§2.12) '

‘Noise measures based solely on LAeg values do not adequately characierize
most neise environmenls and do not adequately assess the health impacts of
noise on human well-being. It is also importamnt to measure the maximum noise
level and the number of noise evenis when dertving guideline values. Ifthe
noise includes a large proportion of low-frequency components, values even
lower than the guideline values will be needed, because low-frequency
camponcnls in noise may increase the adverse effects considerably. When
prominent low-frequency components are preseni, measures based on A+
weighting are inappropriate. However, the difference beiween dBC (of dBiin)
and dBA will give crude information about the presence of low-frequency
components in noise. If the difference is more than 10 4B, it is recommanded
that a frequency analysis of the noise be performed.’ (WHO 5.4.3)

36. In August 2006, the Dti {(UK) published *The Measurement of Low Frequency
Noise at Three UK Wind Farms’ [Report for Dti by Hayes McKenzie Partnership
Ltd].The report measured LFN at three wind farm sites in the UK, and zlthough
unidentified in the report, these sites are believed to be:

Site 1 Agskam, Cumbria 7 x (.66 MW wind turbines of 4.62 MW instatled
capacity, built 1999.

Site 2.  Bears Down, Comwall 16 x 0.6 MW of 9.62 MW installed capacity,
built September 2001.

Site 3: Blaen Bowi, Carmarthenshire 3 x 1.3 MW of 3.9 MW installed
capagcity, built July 2002,

37. For the purpose of its Report, the Dt defined low frequency noise sources as
between 20 — 250 Hz [S.1.3]. The Dti stated: ‘Infrasound is noise at frequencies
below the normal range of human hearing, i.e., less than 20 Hz. " [S.1 2] The
report stated that ‘noise sources associgted with these frequencies are generated
by unsteady loading of the wind turbine blade.’

Hubbard and Shepherd also make this observation, Their paper, *Wind turbine
acoustics” [NASA Technical Paper 3057, 1990, p 2496], considered three upwind
and four downwind turbines. The upwind MODS.B and WWG-0600 machines
measured between 60 dB - 70 dB below 20 Hz {p 2499; p 2502].
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The Dti Report supports the Hubbard and Shepherd measurement of upwind
machines:”

‘Measurements of infrasound [below 20 Hz] in the vicinity of wind farms, and
confirmed within this study, indicate rypical saund pressure levels between 1 -
{0 Hz of 60 — 80 dB, which falls well below the normal environmenial
infrasound levels experienced by all kumans.” [p 12)

The Dti Report observes:

‘The common cause of complaints associated with wind nwrbine roise at afl
three wind farms is not associated with fow frequency noise. but is the audible
todulation of the aerodynamic noise, especially at night." [p 3)

In the Repon, the Dti does not provide evidence to support this statement as the
sole cause of complaints. There is little doubt that andible madulation is a
contributery cause, but as Professor James Lovelack, Professor Ralph Katz, Dr
Amanda Harry, and Dr David Coley suggested, the “commeon cause” will be the
acoustic radiation of sound characters of which a cocktail strikes the human body,
the responses mainly being of a physiological (biclogic/medical) nature,
producing both short-term and long-term effects,

Section 2.10 of this Review noted several examples of public health concerns that
emerged only after time, when a pattern of human exposure and adverse response
could be observed, e.g., as reflected by the public health history with tebacce,
mercury, asbestos, and thalidomide. It is therefore unsafe for the Dri to conclude
that there is no eavironmental noise pollution from wind turbines without first
conducting an independent acoustic and epidemioiogic assessment.

The Dti Report uses the word “perception” and as this does not appear to be
defined, one has to presume the authors are referring 10 “perception of ihe
auditory system”, i.e., whether a sound 15 audible. The WHO Guidelines for
Conmmunity Noise 1959 states in 5.2.1.6:

“Sound is a sensory perception evaked by physiologicol process in the
auditory brain. ” [That is, the process of ‘perceiving’ sound is a biglogic/
physiologic precess.]

The Dti Report Conclusions [August 2006] state, on page 66:

“Comnrunity Noise, WHO ‘there is no reliable evidence that infrasound below
the hearing threshold produce physiological or psychological effects.”

The Dti report repeats this guotation on pages 2, 10, 46 and 66. However, this
quotation is taken from the WO Community Noise Paper 1995 and does not
appear in the final document of 1999,

Io fact, the WHO Guidelines for Community Noise 1999 clearly siates in Section
3.8

“The evidenice on low frequency noise is sufficiently strong to warrant
immediate concern.”
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“Health effects due to low frequency components in noise are estimuied to
be more severe than for community noises in general (Berglund et al
19%6).”

43. Other conclusions of the Dti Report on page 66 include:

“Infrasound noise emissions from wind turbines are significamily below the
recognised threshold of perception for acousiic energy within this frequency
range.” (Below 20Hz)

There is significant medical evidence that infrasound is perceived by other organs
in the human torso with negative health responses. (See Section 5, Health Effects,
in this Review). The Dti Report measured at Site 2, Appendix 6C, levels of 40—
50 dB between 10Hz-20Hz. The UKNA survey (S.4.52) measured 70dB below
20Hz on three wind farms. Both measurements are inaudible to the auditory brain
(the ear), yet may medically have an impact on body organs.

44. Another conclusion from the Dt Report on page 66 states:

"It may therefore be concluded that infrasound associated with modern wind
turbines is not a source which will result in noise levels which may be
injurious to health of a wind farm neighbour.”

There is no substantive epidemiological or physiclogical evidence n the Dii
Report to support this conclusion. ’

The Dti Report does not address the physiological or biological responses of the
human body. Acousticians — with experience working as consultants to the wind
industry — produced the Dti report, and as acousticians, they focus on acoustic
analysis, identifying the sound power levels [dB] down to around the threshold of
audibility.

45. The Dii Report considered the ‘individual thresholds of hearing’, observing that:

‘Measurements of the equal-loudness contours at frequencies below 20 Hz
have-been investigated by Moller and Andresen, and Whittie er al. " (p. 26)

In a comparison of the results of these studies, the ‘measurements indicate good
agreement between the two papers and indicate a continuing rendency for the
canlours o become closer as the frequency reduces. Therefore, in the
infrasonic range, an increase of the sound pressure fevel by 10 dB may be
perceived as an 8 — 16 fold increase in loudness as compared to a doubling, 2
Jfold increase at 1 kHz [1,000 Hzj. The result of this change in perceived
loudness with change in sound pressure level in the low frequency region is
that small changes in the pressire level may be experienced as a large change
in perceived londness.” [cmphasis added] [Moller H; Andresen J. Loudness of
pure tones at low and infrasonic frequencies. Journal of low frequency noise
and vibration 1984; 3(2): 78 — 87, and Whirtle LS, Collins SI; Robinson DW.
The andibility of low frequency sounds. Journal of sound and vibration 1972;
21; 431 —448]
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‘Therefore, when infrasound and low frequency are of sufficient level to
be detected, then a small change in pressure level above this threshold will
guickly become perceived as a large change in loudness which may be
conyidered unacceptable. The experience of the low frequency sufferers
wirthin the Salford Study [Proposed criteria for the assessment of low
frequency noise disturbance. Report for Defra by Dr Andy Moorhouse el al,
February 2003] indicated that once the subject has been ‘sensitised’ to low
freguency noise, then only a small increase in pressure level above the
hearing threshold is reguired to be considered unaccepiable.” [Dti S.3.3, p.
27)

46, The Dii Report compares the difference in sound power level (dB) at infrasound
frequency, between downwind and upwind wind turbines:

‘Infrasound noise emissions were identified within a paper by Shepherd and
Hubbard [Physical characteristics and perception of low frequency noise
from wind turbines. Noise control engineering journal 1991 Jan/Feb; 36(1):
5 — 15) which provided field data from a number of upwind and downwind
rotor contfiguration wind turbines. The generation of blade passage
frequency (BPF) energy and associated harmonics were found 10 be more
dominant for downwind rotor configurations. This was due to the effect of
the supporting tower wake interaction as the blade passed behind the tower
and would experience a sudden and significant change o the airflow.” [Di
S.5,p32]

However, if one refers to Hubbard and Shepherd’s ' deroacoustics af Large Wind
Turbines’ [JASA Journal of the Acoustical Society of America 1991, figure 8, p
2459], the upwind wind turbines show a similar noise spectra, indicating sound
pressure levels (dB) between 60 — 70 dB in the 1Hz~ 20 Hz range. This
compares with the Dti Report on upwind machines of between 50 — 60 dB in the 6
— 20 Hz range.

47. The Dti Report refers to infrasound noise immissions:

‘The measured data indicates that wind turbines do increase the level of
infrasound acoustic energy within the environment but that this energy is
below the perception threshold " [Dti p 36)

While the D Report provides evidence to support the view that the sound
pressure level {dB) when below 20 Hz is below the threshold of audibiliry, the
report provides no evidence te support the view that the noise is below the
threshold of human perception. Indeed, a purely acoustics report cannot provide
evidence in that regard, because humans are physiologically affected by
inaudible sound. Inaudible sound affects not only humans, but also animals;
¢.g., animals retreated from the coastal areas of the tsunami that devastated parts
of Asia in 2004, and sonar can affect whales and dolphins. [Moti M. Did
animals sense tsunami was comung? Natonal Geographic News, 4 January
2005. See also Section 4.11 of this paper.]
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48. In identifying complaints from the three wind rurbine siteg where measurements
- were taken, ihe Dti Report noted: (pages 56-57)

In general, the accupants of Site I: Location I and Site 3. Locations | & 2,
have described wind farm noise as being most intrusive within the dwellings
during the nighi-time or early morning periods. The occupanis have also
indicated that the amplitude modilation of the aerodynamic noise is a
character ihat draws thelr attention to the noise and which makes it readily
identifiable when heard within an internal living space. The fevels of
external noise when the wind farms were considered to give rise fo audible
noise within the dwelfings and specifically identified by the occupants
ranged as follows:

Site 1  Location 1: 38.5-41.0dB LAeq 10 min : 36.3 - 38.7 LAS0, 10 min
Site2  Location 1: 37.5-40.2dB LAeq 10 min: 36.2 - 38.1 LA90, 10min
Site3  Location [: 40.4 —45.5dB LAeq 10 min : 39.0 - 39.8 LA%), 10 mio

‘frrespective of the existing background nofse level at the tine of the
measurements, the external noise levels associated with the operation of the
wind turbines meet the requirements of ETSU-R-97 for night-time
operations” —the greater of 43 dB L g (or background + 5 dB) - ‘e, noise
levels are lower than 43 dB Liso. This level provides protection against the
awakening of an occupant, based upon the recordings, where no occupant
was noted fo awaken due to noise associated with the operation of the wind
turbine.’

‘Measured internal noise levels for the same measurement periods derailed
above gre as follows: (page 60)

Site1 Location I: 22.7—24.6 Lacq 10 min : 21.8 — 22.5 dB Laso, 10 min
Site2  Location 1 27.6—=36.7 Lacg [0 min : 25.9 - 30.1 dB Lag, 10 min
Site3  Location 1: 42.5-53.1 Layq 1O min ;41,6 —42.0 dB Las, 10 min
Site 1, location 1 is within a double glazed conservatory with no windows open.
Site 2, location 1, is within a room with windows open.

Site 3, location 1, is within a room with windows open with the internal

measurement location having a direct line of sight down o the stream in the
valley below and the microphone placed within 0.3 m of the opent window. '

[Authors' note: Compliance with the noise limits based on ETSU-R-97 does nol imply that there
will be ne sigmificant noise impact on local residents.]
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, The following are further examples of measurements forming part of the D
report Appendix:

For example, Site 1, measurements taken on | 6 May 2005, are within the
frequency range of 10 Hz - 20 Hz, an L, dB of between 40 dB — 45 dB *Low
frequency noise audibility extemnal fagade’, location 1:00:00 — 1:02:35 {figures |
and 32).

For example, Site 2 measurements taken on 14 June 2006, 'Low freguency noise
audibility internal before windows open’, an L., dB within the frequency range of
10 Hz - 20 Hz of between 40 — 45 dB was measured, Location 1:21:00 - 1:21:15
(figures 1 and 4).

This, however, portrays just a small part of the picture. To be useful, all wind
turbine acoustic measureiments should include the fellowing information. This is
because the rotation speed of the blades can be controlled remotely, especially
when a noise management scheme 18 in place. The rotation speed (rpm) has a
direct bearing on the noise emission from the wind turbine.

. Distance of the measured point from nearest wind turbine;
ii.  Measured point relative 10 the wind turbines (array impact);
ill.  Wind speed and direction at the hub height;
iv.  Actual revolutions per minute of the blades at the time of measurement -
as this does not necessanly correlate to wind speed;
v.  Difference in altjtude between the measured point and the wind turbine;
vi. A definitive description of the terrain; and
vii. A dB(A) and dB(C) measurement of frequency down to [ Hz.

. Referring to Site 1, the Dt report [p 81] conunenis:

It should be noted that the description of the noise by the awoken occupant was
that the noise was “intolerable”. The range in levels in the 400 — 300 Hz third
octave bands was measured to'lie between 9 — 10 dB and 1o be 17 dB above the
B.8. ISQ 226:2002 Threshold Criterion Curve, In this evem, the perceived
change in level in this frequency range would be a doubling of the perceived
Toudness, with levels potentially rising in and out of the Threshold of
Andibifity. [emphasis added] This would give rise to a sound of a muffled swish
that couwld be described as a heart beat type sound as the sound may only be
audible for part of the rime, Le., as the noise associated with the wind fovm is
aerodynamic in origin and is associated with the rotation of the blades, then this
will appear ai 3 times the rotational speed aiso known as the blade passage
frequency (bpf). The turbines operate with a rotational speed of 26 rpm, which
equates io a blade passage frequency = 78 bopf. This is in the normal range of a
heart beat.” [p 81]

According to ‘Measuring Sound’, a publication from Bruel and Kjaer, a company
that manufactures acoustical measuring and calibrating equipment used by many
researchers and industries, when noise ievels are too high and no other means of
attenuation has worked or is feasible, then:

‘Shut down the offending machinery. In severe cases, this step must be
considered. It is afso possible to limit the hours of operation.”’
[Bruel and Kjaer. Measuring Sound, September 1984 (rev)]
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52. In Angust 2006, the United Kingdom Noise Association (UKNA) published a
report by John Stewart, ‘Locafion, Location, Location’. This report, believed to
be the first produced with input and evidence from both acoustic and medical
resources and experts, addresses the cause of the suffering of families when wind
mrbines have been built too close to their homes:

‘Cur own conclusion, after reviewing the evidence ... So much depends on the
location of the wind farm relative o where people five.”

The UK. Noise Association measured noise levels around three wind farms: Bears
Down (October 2005) in Comwall; Bradworthy (Decernber 2005) in Devon; and
Blaeo Bowi (October 2005} in Wales. {As previously mentioned it is believed
that tha Dti took its measurements at Bears Down— its Site 2; and Blaen Bowi - its

Site 3.)
33. UKNA sumenarised its findings of wind turbine noise measured ouidoors;

‘At 10 Hz, the noise from the wind farms ranged from negligible (upwind from
the turbines) to 75 dB (C) (downwind). Because ‘Watanabe and Moller' figures
are ‘G’ weighied and the UK Noise Association used 'C” weighting, only
approximale comparisons are possible. But these findings are well within the
97 decibels where it would become a noise problem at 10 Hz, whaiever the
welighting.” .

‘At 20 Hz, the noise from the wind farms ranged from a low of 10 dB (C}
(upwind of the turbines) to a high 82 dB (C) (downwind), with the great majority
of the results falling in the 40 ~ 70 dB (C) range.” [p 14]

54, UKNA also tested for low frequency neise indoors. A house close to the Blaen
Bow1 wind farm was used (p 15):

“The resitlts we obtained were these:

‘At [0 Hz, the noise levels ranged from 44 to 48 decibels, well below the levels
at which the noise could be heard. At 20 Hz, the noise levels ranged from 40 15
48 decibels, again well below audible levels. At 60 Hz, the noise levels ranged
Jiom 44 10 63 decibels, which suggesis thai low-freguency noise is being heard
at times. At 100 Hz, the decibel levels ranged from 42 to 52 decibels, which
indicates that the ‘swish’ sound is being heard, containing low frequency
content. " ”

35. The UKNA Report also stated:
On page 19: ‘Conclusions on Neise and Health.

- Pedersen s arguments are persuasive that the dancing shadows and the
ravating blades can significantly add to the annoyance and stress caused by
noise jrom the turbines, The questions being asked by some in the medical
profession as to whether this cockiail of effects — the noise, low frequency.
rotating blades. the shadows and the strobing - is leading to ill health ot of
proportion fo the noise turbines make, needs serious examination.’



On page 20 - first conclusion: ‘Overall Conclusions.

{. Wind farnt noise, in common with noise generally, affects different people
in different ways, but the evidence suggests there is rarely a problem for
people living more than 1 ~ [ 5 ;miles from a rurbine.”

On page 21- first recommendation. ‘Qverall Recommendations.

It would be prudent that no wind turbine should be sited closer than 1 mile
away from the nearest dwelling. This is ihe distance the Academy of
Medicine in Paris is recommending, certainly for the larger turbines and until
Jurther studies are carvied out. There may even be occasions where a mile is
insufficient depending on the scale and nature of the proposed
development.’

56. The following chans from the UKNA survey confirm the presence of LFN. Using
the WHO alternative measure (Guidelines for Community Noise 1999, 5 2.1.2),
“when no frequency analysis is passible, the difference berween A-weighted and
C-weighred levels gives an indication of the amount of low frequency contemt in
the measured noise.” The difference in two sample readings at Bradworthy (005
& 007), between A and C weighting was 29 and 3¢ decibels; at Bears Down (05
& 06), the difference was between 25 and 30 decibels; and at Blaen Bowi (005 &
006), the difference was between 26 and 27 decibels.
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BRADWORTHY 07
from Wind

Localion S35 304 135
Microphong — Narmal

Audia File - Track Brad(2
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BEARSDOWN 05

Location SH 904 685

Wind Speed 12 - 15 MPH
Wind Dirsction s
Microphone Normal
|nstrument: 2250
Application; BZT223 Varsion 1.2
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BEARSDOWN 06 Location SH 904 685
wWind Speed 10 - 18 MPH
Wind Dhrection S
Micraphans T Hz
Instrument: 2250
Apphcation: BZ7223 Version 1.2
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BLAEN BOWI 005

No Filter Installed Location SN 32314 BNG 36829

instrumanit; 2250
Applicatipa: BZ7223 Version 1.2
Stact Time: 01/12£2005 11:55:22
End Time: 014122005 11:57:32
Elapsed Time: 00:02:10
Bandwidth: 113-octave
Max Input Levek 140.67
Time Frequency
Broadband {excl. Peak): F3l AL
Broadband Peak: C
Spactrurn: FS c
Instrument Serial Number: - 2505941
Microphone Serial Number: 2508682
Inpul: Top Sockel
Windscreen Correction; UA 1650
Sgund Field Correction: Free-fisld
Calibration Tima: 01122005 10:12:59
Calibralion Typs: External reference
Sensilivity: 51.65 mV{Pa
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BLAEN BOW! 006

Wind Speed 17 - 24 mph

Location SN 33081 BNG 35867

Inslrumeni: 2250
Applicalion: BZ7223 Version 1.2
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31. The {following chart is an analysis of low frequency poise from a DAT tape
prepared by Dclia, consultants for ‘Bonus™ of a Bonus 1.3IMW wind turbine. The chart
formed part of “A Report to Vale of the White Horse District Council’(UK) by Dr G
Leventhall, March 2004-
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It is significant that the noise measurements taken by UKNA correlate with the
noise chant in the low frequency noise range, of the Bonus 1.3 MW wiad furbine.
However, the fall-off at OHz - 6Hz is a surprise and may be due o the
instrumentation.

58. Inarecent publication [Leventhall G. [afrasound from wind turbines — fact,
fiction and deception. Canadian acoustics 2006 Jun; 34(2): 29 — 36], Geoffrey
Leventhall, acoustician and consultant to Defia and Dti, writes that:

Infrasound from wind turbines is below the audible threshold and of ro
consequence.’

However, Leventhall does acknowledge that wind turbine noise ¢an be problematic:

‘Low frequency noise is normally not a prablem, except under conditions of
wmusually turbulent inflow air.’

“Turbulent air inflow conditions cause enhanced levels of low frequency
noise, whick may be disturbing, bul the overriding noise from wing furbines
is the fluctuaiing audible swish ...

A wind rurbines’ main noise source is produced by the ‘repesting sound of
the blades interacting with the tower. This is the noise which requires
attention, both to reduce it and to develap optimum assessment methods.’
[See also section 4.19 of this paper: Repost by Styles et al; report by the US
Department of Defense]
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59. The suitability of using ETSU-R-97 a3 a guide for reasonableness is challenged by
Dick Bowdler in ‘ETSU-R-97: Why it is Wrong’ [July 2005]. The Bowdler Report
comments:

On page 61 of ETSU-R-97, the Noise Working Group stated that:

‘During the night one can reasonably expect most people 10 be indoors and
it will not be necessary to conirol noise 1o levels below those required fo
ensure that the restorative process of sieep is not disturbed. A nighi-time
absolute lower limit is therefore appropriate based upon sleep disturbance

criteria.' [ETSU-R-97]

Bowdler counters this assumption by the Noise Working Group [NWG] with the
following:

‘What this says is that a turbine roise level inside peoples” houses of just
less than the World Health Organisation say is necessary to get back to
sleep if you wake up in the night is satisfactory. It seems {0 me this must be
the very upper limii of acceptability, not one that is well bolonced. Since
then, the WHQ has revised its guidance 5 dB lower. So the ETSU night
standard is now higher than WHOQ say you need to get back 1o steep.’
[Bowdler, 3.15].

60. On page 62 of ETSU-R-97, the NWG wrote:

‘It Is also the opinion of the Noise Working Group that there Is no need to
restrict noise levels beiow a lower absolute limir of LA90, 10min = 33db(4);
if an environment is quiet enough 50 as not to disturb the process of falting
aslecp or sleep itself then it ought to be quict enough for the peaceful
enjoyment of one's patio or garden.* [ETSU-R-97)

Again, this conclusion relies on presumnption; Bowdler responds:

This is a bizarre statement. It seems that the 33dBA is the 35dB sleep
restorarion level set out By the Worid Health Organisation for inside
bedrooms ai night. They seem o be saying that there is no need for noise
levels during the day to be any lower than is necessary io allow vou to go to
sleep on your patio on a sunny afternoon.’ [Bowdler, 3.16]

'‘Having suggested that 13dB would be saiisfactory because people could get
to sleep on their patio — they now say that “This fevel would however be a
damaging constraint on the developmeni of wind power in the UK as the
{arge separation distances required to achieve such low noise levels wauld
rule ot most porential wind form sites” [ETSU-R-97]. There is absolutely
no evidence brought forward 10 justifv this. A margin of 2km wosld
normally easily achieve this even with the noisier modern turbines. They
argue that “Wind farms have global environmental benefits which have 1o
be weighed carefully against the local environment impact” {ETSU-R-97].
So do many other things. They argue that “Wind farms do nor operate on
still days when the more inactive pastimes (e.g. sunbathing) are likely 1o
take place™ [ETSU-R-87]. The suggestion seems io be that the protection of
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people’s amenity does not include protecting them whilst sunbathing in their
gardens on a slightly windy duy or sleeping on the patio.” [Bowdler, 3.17]

‘Then, an page 63 fof ETSU-R-97] there is emother leap of credibility.
“There is no evidence for or against the assertion that wind farm noise with
no audible iones is acceptable up to and including LA90, |0min levels of
40dB(4) even when background noise levels are 30dB or less™. This is just
nonsense. There most certainly is evidence against this assertion. The 4048
is actually 42dB in B54142 units. This is at least 12dB above background
noise fevel of “30dB or less” and BS4142 says there are likely to be
complainis at {urbine levels of plus {0dB. Furthermore there is no
argument that B54142 is nor applicable. Even BS4142:1990 (which was
current when ETSU-R-97 was wriiten) might easily be applicable here. If
the wind speed is 3m/s, the background roise 3048 and the turbine noise
42dB(LAeg) then there is no reason not to use BS4142, it does not exclude
itself in these circumsiances. This noise level is also 1208 more than (twice
as foud as) the WHQ considers necessary for you to be able to get to sleep.’
[Bowdler, 3.18]

61. In August 2005, the Renewable Energy Foundation {REF) releascd a statement
that commented on the new report by GP van den Berg, “The beat is getting
stronger: the effect of atmospheric stability on low frequency modulated sound of
wind furbines” [Journal of Low Frequency Noise and Vibration 2005; 24:1-24].

62.

Prof. Ffowcs-Williams, Emeritus Professor of Engineering, Cambridge
University, one of the UK’s leading acoustical experts and an advisor lo REF said
[REF Studies on wind turbine noise raise further concerns, 4 August 2005]:

‘Van den Berg's paper adds weight io the criticisms frequently offered of the
UK regulations covering wind turbine noise, ETSU-R-97. The regulations
are dated and in other ways inadeguate. It is known that modern, very tail
turbines, do cause problems, and many think H;e current guidelines fail
adequately lo protect the public.”

“Wind Energy” {published by John Wiley & Sons), a technical bimonthly journal
of wind hurbine engineering papers, provides evidence that confirms just how
imprecise the forecasting of wind turbine performance is:

a

“Challenges in modelling the unsteady Aerodynamics of wind turbines " by
JG Leishman, Department of Aerospace Engineering, University of
Marylaad (USA) [Wind Eaergy 2002;5;85-132):

"Such problems include the challenges in undersianding and predicting the
unsteady blade airloads and rofor performance, as well as predicting the
dynamic stresses and aeroelastic response of the blades. Wind rurbines are
also subjected to complicated environmental effects suck as afmospheric
turbulence, ground boundary layer effects, directional and spatial variotions
in wind shear, thermal stratificaiion, and the possible effects of an upstream
unsteady, bluif body-like wake from support structure (tower shadow).

Fig. I [in original document] summarises the various aerodynamic sources
thet may affect air foads on a wind turbine, which can be decomposed into a
variety of mostly periodic and mostly periodic contributions. The net effect
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is that the wind turbine operates in an adverse unsteady aerodynamic
erviromutent that is hoth hard to define using measurements and also to
predict asing mathematical models.”

“Survey of modelling methods for wind turbine wakes and wind farms™ by
A Crespo, J Hernandez, and S Frandsen [Wind Energy 1999;2;1-24].

“The final report (intensified study of wake effecis behind single turbines
and in wind power wakes, National Power, London), indicates that the
experimental and analytical studies reported (arnex} point to significant
energy lasses in arrays spaced at less than seven turbine diameters.
Similarly, turbulence may increase in arvays, sufficiently to cause
measurable damage to fatigue and dynamic loads. "

[Comment: In these circumsiances, noise characlers become more clearly pronounced )

63. Momis et al further explain the difficulties [Morms PJ; Long LN; Brentner KS. An
acroacoustic analysis of wind turbines. American Institute of Aeronautics and
Astronautics: AIAA-2004-1184; 42°° AIAA Aerospace Sciences Meeting, 5-8
January 2004, Reno, Nevada, 2004]:

‘Since the wind turbine noise problem is very chailenging, only some of the
bmportant noise sources and mecharisms are being considered [in this
particular study]. These are airfoil self-noise, the effects of blade rotation,
and the propagation of sound over large distances.”

Their research encompasses ‘two aspects of airfoil seli-noise ... The firsi is
the relatively low frequency noise generated by deep stall and the second is
trailing edge noise. The noise associated with blade rotation includes the
effects of blade rotation on the blade aerodynamics, incoming gusts,
incoming atmospheric turbutence and wind shear.”

The authors add that:

;

‘Wind turbines have aerodynamic and aereacoustic behaviars with unigue
characteristics that make their prediction more challenging in many ways
than already complicated aeroacoustic problems such as rotorcraft or

propeller noise.’

Some of the challenges are due to the unpredictable and sudden changes in
‘Blade / inflow / tower wake interactions.’ Moreover, wind turbine flows are
complex, moving through ‘a varying atmosphere over art irregular tervain’,
with ‘the biade speed varies linearly from root 1o rip -

1t would be unrealistic to suggest thai all aspecis of the wind iurbine noise
problem could be simulated within the framework of a single aerodynamics/
aeroacoustics code. The compuiational resources required fo perform such
a simulation wilf remain beyond the capabilities of available computers for
many years.'

(Note: Inrerestingly, Morris et al use the permeable surface Ffowces Williams-
Hawkings formulation to couple unsteady flow simulations to the radiated noise
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field; see item 61 of this section, Acoustics, for Professor Ffowes Williams's
comments on ETSU-R-97.%

The authars further note that:

‘While discrete frequency noise is certainly an inportant component of wind
turbine noise (especially at low frequencies), broadband noise sources are
also very important (especially at the higher frequencies).’

Additonally:

‘However, the sound generated by wind rurbines, particularly the low
Jrequency components, may propagate large distances through an unsteady,
non-uniform aimosphere over an irregular tervain. Atmospheric absorption
can also be significant for the high frequency noise components. Thus, for
wind turbine applications, sound propagation is an important component of
the complete aeroacoustic problem.’

64. Sezer-Uzol and Long concur with Morris et al and observe that:

635.

66.

... the geceptance of wind turbines by the public depends strongly on
achieving low noise levels in application .., Furthermore, the acoustic
propagation is of inferest at relatively Inrge distances from the wind
turbine,’ [Sezer-Uzol N; Long LN. 3-D tirne-accurate CFD simulations of
wind turbine rotor flow fields. American Institute of Aeronautics and
Astronantics: AIAA Paper No. 2006-0394, 2006, CFD = Computational
Fluid Dynamics) :

If the measure for setting a noise standard lacks credibility to many professionals,
it is understandable why it lacks credibility to those suffering adverse health
consequences. If the methodology is inadequate, then an impartial team of experts
should redesign the measure. Moreover, until there are newly defined measnres
that conclusively work beyond reasonable doubt, the old measure should be
withdrawn from use immediately and an immediate minimuem 2km zone placed
between people’s homes and wind turbines. Greater separation may be
necessary in specific circumstances or with a wind turbine of greater than 2MW

installed capacity.

Moreaover, as Paul Schomer noted in 2002 [Schomer PD. For purposes of
environmental noise assessment, A-weighting needs to be retired. JASA Joumnal
of the acoustical society of America 2002 Nov; 112(5, pt 2): 2412):

‘... for the purposes of environmental noise assessment, A-weighting needs
to be retired ... A-weighting fails to properly assess multiple noise sources

... and it fails to properly assess sound with strong low-frequency content. [t
performs better owtdoors than indoors even though the receivers are
indoors. [t certainly cannot be used for room noise criteria. A-weighted
Legq cannot assess the audibifity of sound, and in fact, Leq in fractional
octave bands cannot be used 1o assess the audibility of sounds ai low
Sfrequencies.”

[See also WHO Guidelines for Community Noise 999,512 &35
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Schomer continues:

‘There ave beiter measures for all of these functions such as loudness-fevel
rating nsing 180 226, At low frequencies, data show some people {about
one-third) are “C-weighted" listeners. For all noise, it may be that one
model just does not fit afl. Experiments show that a majority of listeners
make calegorical judgments and merely count events bascd on level with the
minorily of subjects fitiing three other models. There are many ways to
clearly move forward but we must give up our A-weighting, it has now
reached old age.’

&7. According to Berglund et al [Berglund B; Hassmen P; Soames Job RF. Sources
and effects of low-frequency noise. JASA Joumal of the acoustical society of
America 1996 May; 99(5): 2985 — 3002):

‘Low frequency noise is common ... as an emission from many artificial
sources: road vehicles, aircrafl, industrial machinery, artiflery and mining
explosions, and air movement machinery including wind turbines,
compressors, and ventilation or air-conditioning units. The effects of low-
Jrequency noise are of particular concern because of its pervasiveness to
numerous sources, efficient propagarion, and reduced efficacy of many
structures {dwellings, walls, and hearing protection) in aitemuating low-
Jrequency noise compared with other noise ... Although the effects of fower
intensiies of low-frequency noise are difficult o establish for
methodological reasons, evidence suggesis that a number of adverse effects
of noise in general arise from exposure to lowfrequency noise ... [p 2985]

... Siandards showid consider the option of allowing less noise i the low-
frequency range since the possibitity exists that a stimulus may have an
effect even without conscious {auditory) detection. Definitive solutions to
these problems would require unethical exposures 1o low-frequency noise ...
The balance of probability would appear to favour the conclusion that low-
Jrequency noise has a variety of adverse effects en humans, both
physiological and psychological ... The evidence provided ... warrants
concerned action without the potentially extremely lengthy delay that may be
cecasioned by waiting for definitive proof which may never arise. [p 2998]

68  Noise from wind mrbines combines with visual phenomena such as shadow
flicker, which compounds the adverse impact on those living nearby. R Bolten,

who is president of a company that develops engineering software, observes in
his report on shadow flicker:

[Bolton R. Evaluation of Environmental Shadow Flicker Analysis for “Dutch

Hiil Wind Power Project”. Environmental Compliance Alliance, New York,
USA, 30 January 2007)

‘Large scale shadow flicker is a new phenomenon, not experienced by
people on an “indusirial scale”, with football field sized shadows moving
across their home or through their focal views. As a new seurce of
emvironmental pollution extra care is needed when evaluating the long term
conseguences.’
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For example, on elevated ridges with wind turbines that are 400 feet high, the
turbines “will cast shadows for thousands of feet, well above any vegetative
screerning

Shadow flicker is oot only a day-time phenomenon; night-time flicker is also
problematic. Conditions for shadow flicker include moon-lit nights, with the
rising and setting of the moon. Maoreover, ridgeline wind turbines can cast
shadows that ‘easify extend 2 to 4 miles ™

‘Residents and passers-by (highway iraffic) not immediately within the
shadow will neveritheless readily observe the shadow flicker ...

‘Often numerous wind turbines are sited linearly if placed on a ridgeline
and nearby residenis will be exposed to numercus shadow flickers
simultaneousiy.”

Thal is, all three blades of each wind turbine will create flicker, and the flicker
from all the wind turbines will not be synchronised.

According to the UK's Planning Guide for Renewable Energy: a companicn
guide to PPS22 (2004), ‘flicker effects have been proven to accur only within ten
rotor diameters of a turhine". Meridian Energy, a wind farm developer,
recommends that the ‘nearest affected recepiors ' to a wind turbine producing
shadow flicker, showld be no closer than 10 turbine roror diameters”.

For a wind turbine with a 300-foot rotor diameter, the nearesi recepior to
shadow flicker should be no closer than 3000 feet. -

In New York State {{SA), the Department of Environmental Conservation
Program Policy provides guidance for the phenomenon of shadow flicker:

‘A properly sited and designed profect is the best way to mitigate poteniial
impacts.’

The guidabce specifies that
Tt is the burden of the applicarit to provide clear and convincing evidence
that the proposed design does not diminish the public enjoyment and
appreciation of the gualities of the listed aesthetic rescurce.’
Recopnising the impaci of shadow flicker, the Swedish building authority
introduced a rule that the calculation of shadow flicker should be made for the
building lot (garden), instead of only the window of a fagade.

Bolton concludes that:

... shadow flicker is a serious environmental pollutant that can have
significant harmiul effects on the welfare of persons subjected to it.
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When coupled with the noise pollution and visual degradation that many
residents will be subjected to, it is clear that wind farm wrbine setbacks
should be increased to a minimunt of 3,000 feei from any residence.’
[Bolton R. Evaluation of Environmental Shadow Flicker Analysis for
“Dutch Hill Wind Power Project”. Environmental Compliance Alliance,
New York, USA, 30 January 2007]

69 This Section of the Review, Acoustics, provides evidence that the noise
radiation from wind turbines is made up of a number of sound charactets, which
include Jow frequency noise (0Hz — 200Hz), infrasound {0Hz — 20Hz), vibration,
rhythmic pulsation, and lonal qualities. Moreover, the noise combines with visual
phenomena, such as strobe ¢ffects and shadow flicker, which can act
synergistically with the acoustic qualities in the effects on people nearby. A
prelonged dose at an appropriate level of any of these characters individually can
evoke serious physiological changes in the human body, with health
CONSEqUENCEs,

Wind turbines emil a cocktail of acoustic characters and are delivered with a
rhythmic, pulsating character, all of which can combine to creale serious health
responses from people if the wind turbines are constructed tog close to their
dwellings.

The ETSU-R-%7 guidelines endorsed by the Dti de not protect families from the
sleep deprivation and the consequeni health effects where wind rurbines arg boilt
too close to their homes.

Peter Hadden
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Section 5.0 HEALTH EFFECTS

| Levels of sound, both audible and inzudible (including that in the low frequency
range) can have ar adverse effect on herhth, not only psychologically, but also
physiologically, with medical consequences. As previously discussed, wind
turbines emit noise radiation, both audible and inaudible (including that in the
low frequency range). The industry has struggled to accurately predict and
control wind turbine noise and its impact on people in nearby dwellings, with
inconsistent results. When installed near homes, the noise is not merely a
persistent, unremitting nuisance. Whether in the UK, the US, Canada, the
Netherlands, Australia, or elsewhere, those living near wind turbines share
similar health and medical complaints.

2 Measuring the audibility of noise does not take inlo consideration that the
human body also receives sound characters without the invalvement of the
auditory system.

k) Merely focusing on audible sound ignores the harmful impacts on human bedy
organs of low frequency noise, vibration, and the whole combination of
characters — ¢.g., pulsations — that act in combination to exacerbate the impact
on the bady’s organs.

4  -Acousticians measuring noise near wind turbines do not take into account the
physiclogic/medical aspects of the effects of noise, as this is not their area of
expertise; only those with backgrounds in medicine, the human biclogic
sciences, and epidemiology can properly shudy the effects and responses of the
hurman body to wind turbine noise. )

5  Moreover, measuring the audibility of a sound, its loudness, and its
characteristics does not account for the dose received. Dosimetry is an
imporiant part of the equation when considering the effects of noise on human
health. Althcugh one may acclimatise to certain noises, wind rurbine noise,
with its pulsating nature, varying harmonics and low frequency components,
does not have a time-limit factor, and continues day after day and year after
year, unlike noise at work, e.g., which has a time-limit factor. Because the
impact on body organs builds over a long petiod of time, wind tutbine noise is
difficult 1o replicate in laboratory experiments. Moreover, it would be unethical
ta subject people 1o extended exposure in the laboratory sefiing.

6  According to ‘Occupational and Communiry Noise®, World Health Organisation
Facl Sheet No 258 {(February 2001, drawn from the WHO Guidelines for
Community Noise 1999);

‘The noise problems of the past are fncomparable with those plaguing
modern society ... the thumps and whines of industry provide a noisy
background fo our lives. Bui such noise can be not only annoying bus also
damaging to the health, and is increasing with economic development.

Healih Impact. The recognition of the noise as a serious health hazard as
opposed to a nuisance is g recent development and the health effects of the
hazardous noise exposure are now considered io be an increasingly
important public health problem.



7 The WHO

Noise may ‘interfere with communication, disturb sleep, cause

Prolonged or excessive exposure 1o noise whether in the comnmnity
or af work, can cause permanent iedical conditions, such as
hypertension ... (ref WHO Guidelines p X
Noise can adversely affect performance, for example in reading,
attentiveness, problem solving and memory. Deficits in performance
can fead to accidents (ref WHOQ Guidelines p XII).
A link between community noise and mental heaith problems is
suggested by the demand for tranquiltizers and sleeping pills ...’

fact sheet continues:

cardiovascular and psycho-physiological effects, reduce performance, and
provoke anmoyance responses and chonges in social behoviowr ... Many
countries have regulations on community noise from rail, road, construction
and industrial plants based on emission standards, bit few have any
regufations on neighbourhood community noise, probably owing (o
difficulries with its definition, measurement and control. This and the
insufficient knowledge of the effects of noise on pesple handicap attempis io
prevent und control the problem.”

Environment Critical Health Effect Sound Level Time
dB({A)* " hours
Outdeor living Annoyance 30- 55 16
areas
mdoot dwellings Speech atelligibility 35 16
Bedrooms Sleep disturbance 30 8
School classtaom Disturbance of 33 Daring class
communication

Source: Who Fact Sheet No 258, Qccupational and Community Noise, February 2001.

The WHO Guidelines for Community Noise 1999 state that:

"The potentlal health effects of community noise include hearing
impairment; startle and defense reactions; aural pain; ear discomfort;
speech interference, sleep disturbance; cardiovascular effects;
performance reduction; and annoyance responses. These health

effects, in turn, can lead to social handicap; reduced productivity,
decreased performance in learning; absenteeism in the workplace and
school, increased drug use; and accidents. In addition fo health

effects of community noise, other impacts are important such as loss of
property value.”
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[ndeed, the humaa body does emanate measurabie ‘sound’, which can be
detected by various testing equipment, as 15 used for excluding the presence of
or for diagnosing disease. For example, in *‘EEG measurement’, G Blundell
notes that

The brain operates  Normal activity 13-30Hz
Relaxed 8-13Hz
Drowsiness 4- THz
Deep sleep 05-4Hz

[See also Hedge, A. “Whole body vibration’, Comell University, April 2002;
SafetyLine Institute, Government of Western Australia, *Wheole body vibration
effects on health’, 1998)

In the paper, “Human Body Vibration Exposure and its Measurement”, G.
Rasmussen looked at body vibration exposure at frequencies of 1 Hz - 20Hz.
This chart details some of the findings:

Symptoms Frequency

General feeling of discomfort 4Hz -~ 9Hz
Head symptoms | 13Hz - 20Hz
Influence on speech 13Hz- 20 Hz
Lump in throat 12 Hz - 16Hz

Chest pains | 5Hz - THz

Abdominal pains 4Hz - 10H=z
Urge to urinate 10Hz - 18Hz

Influence on breathing X ALz 8Hz

movemnents
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Fig. 1. Simplified mechanical eystém rapresenting the human body

11

standing on a vertically vibratlng piatiorm
Note thar the head will vibraté at ahout 25 Hz and the chest wall at 8 Hz

“Also, in the region 60 o 90 Hz disturbances are felt which suggest eyeball
resonances, and a resonance effect in the lower jaw-skull svstem has been
Jound between 100 and 2008z,

[n “Community Noise Rating™ [2d ed, Applied Science Publishers, 1982], the
author, Theodore Shultz, wrote that the International Standards Organisation
(ISO) had recently (1982) adopted a “Guide for the Evaluation of Human
Exposure to Whole-Body Vibration™.

In evaluating low frequency noise and vibration, be noted that there are:
“... four physical factors of primary importance in determining the human

response lo vibration; the intensity, the frequency. the duration, (exposure
time) and the direction of the vibration.”
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12 Shultz gives limits for longirudinal (2-axis) and for transverse (x-and y-axis)
vibration respectively. Each curve, or boundzry, represents a limit beyoend which
exposure to vibration carries a significant risk of fatigue or impaired working
efficiency. Shultz comments:

“The ‘exposwre limit " boundaries are similar in general form to those for
Jatigue: but they lie 6 dB higher and the boundaries for reduced comfort
have a similar form but lie 10dB lower than the fatigue boundaries. "

"“The Standard mentions in a nole that the criteria of acceptability in
residential coniexts, particularly at nighi, may tie near the threshold of
detectability; for frequency bands of greatest sensitivity (4 — 81z for
longitudinal, and 1 — 2 Hz for transverse vibration), this lies in the vicinity
of 8.01m/5s, (though it varies greaily in individual circumstances). ™

Merely as a rough guide, the longitudinal acceleration limits for fatigue
indicates that for 0.20 rms between 10Hz - 20Hz, the limits of exposure should
not exceed 24hrs — 30hrs. For transverse exposure, the limit is only 10hes.
[Authors’ note: See also Section 4.18 or this Review]

13 In his coursework description of “Whale Body Vibration”, Prof Alan Hedge of
Cornell University writes:

“Vibrations in the Jreguency range of 0.3Hz 10 30Hz have significant effects
on the human body.

Individual body members and organs have their own resonant frequencies
and do not vibrate as a single mass, with its own natural frequency. This
causes amplification or attenuation of inpui vibrations by certain parts of
ihe bady due to their own resonant frequencies.

The most effective resanant frequencies of vertical vibration fie between iz
and 8Hz.

Vibrarions between 2.5 and SHz generate sirong resonance in ihe vertebra
of the neck and fumber region with amplification of up to 240%.

Vibrations between 4 and 6Hz ser up resonances in the trunk with
amplification of up to 200%.

Vibrations between 20 and 30Hz set up the strongest resonance between the
head and shoulders with amplification of up 10 350%.

Whole body vibration may create chronic stresses and sometimes even
permanent damage io the affected organs or body parts.” [Hedge A. Whole
body vibration. DEA350, April 2002, ¢ January 2006)

14  The SafetyLine Institute (Government of Western Australia) notes in its
documentation and coorsework:

“Prolonged exposure to whole body vibraiion at frequencies below 20Hz
resulis in hyperventilation, increased heart rate, oxygen intake, puimonary
vemtilation and respiratory rate.
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Digestive system disease often observed in persons exposed to whole body
vibration over a long period of time. Associated with the resonance
movement of the stomach at frequencies berween 4 and 5 Hz.

Spinal column disease and complaints, perhaps the most common disease
associated with fong term exposure to whele body vibration, where the back
is especially sensitive to the 4 - {2Hz range.”

One of the most important parts of the body with respect to vibration and shock
appears 1o be the abdomen with the resonance occurring in the 4 - 8 Hz range.
The other main resonant effect 15 found in the head and neck region, witha
range of 20 - 30 Hz. Eyeball resonance is similar, with vibration in the range of
25-90 Hz. The skull itself has a fundamental mode of of vibration in the
region of 300 — 400 Hz.” [SafetyLine Institute of WorkSafe Western Austraiia,
Departrnent of Consumer and Employment Protection, Government of Western
Australia, ‘Identification of whole-body vibration: Effects on Health’, SLI
1998]

Another study concurting with these results looked at human body vibration
induced by low frequency noise in the range of 20 - 50 Hz:

“The fevel and rate of increase with frequency of the vibration turned out to
be higher on the chest than on the abdomen, ” [Takahashi Y; Yonekawa Y;
Kanada K; Maeda S. A pilot study on the human body vibrations induced
by low frequency noise. Indusirial health 1999 Jan; 37(1): 28-33]

Berglund, Hassmen, and Job, in “Sources and effects of low frequency noise”,
[Berglund B, Hassmen P, Job RF. JASA Joumal of the acoustical society of
America 1996 May; 99(5): 2985 - 3002} made these observations:

“The setting of the arbitrary lower {imit of human hearing determines the
fower limit of low frequency noise and the upper bound of infrasound. Such
a setting is not a matter of absolutes. The threshold of hearing for lones and
Sfrequency bands depends on the loudness as well as the frequency and
duration. In this sense, logically, human hearing capacity extends well
below the 20 Hz range if one considers a signal that is sufficiemiy foud.
Thus the threshold of absolute hearing extends well into the nominal
infrasound range. It has been suggested that ar very low frequencies human
deteciion does not occur through hearing in the normal sense. Rather,
detection resulis from nonlinearities of conducrion in the middie and inner
ear which generate harmonic distortion in the higher, more easily audible
Sfrequency range (von Gierke and Nixon 1978). This account does not diciate
that the noise is not heard but rather that the merthod of hearing is indirect,
as indeed Is the mechanical method of all hearing (i.e. the relevant nerves
are fired by changes in other biological siructures in the ear, not directly by
noise fiself}).”

“Second, regardless of the process by which a sound wave is detected, it Is
critical 1o consider waves which are detected through skeletal bones, the
ear, harmonics, tactile senses or resonance in body organs. Delection raises
the possibility of subjective reactions such as annoyance, and annoyance
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may contribute in complex ways to other biological and psychological

effects of the signal (Job 1993, Stansfield 1992 )"

“Third, determination of health and other effects of LFN must consider field
dma Real occurrences of low frequency noise will often include
considerable energy below 20Hz as well as energy in what is usually
considered the LEN range. Thus the arbitrary setting of a cut off at 20H: is
not conducive ta analysis ¢f such data.™

“The determination of precisely what constitutes LFN is also not perfectly
clear in terms of its upper limit. Sound up to 230Hz are sometimes referred
to as LFN although others have sel the upper limit of the range lo 100Hz
fe.g. Backteman et al 1983a).”

In referring to impulsive noise, Berglund et al commented:

" . impulsive noise penevates greater levels of subjective reactions such as
annoyance and dissatisfaction than does non-impulsive noise of the same
energy level.”

The authors referred to the fact LFN travels extended distances with very little
energy loss:

“... as the frequency wave is lowered, more of the encrgy enters the ear, the
body and other objecis (von Gierke & Nixon 1976). Thus LFN transmission
extends into many objects allowing it to set up resonant vibration in our
dwellings and our possessions as well as our chest cavities, sinuses, and
throat.” [Berglund et al]

Although within the aircraft industry, in extensive research on vibroacoustic
disease (VAD, i.e., LFN-induced pathology), Dr M Pereira found thar:

‘... when continuous LFN is present in the home it can cause VAD, When
pulsating LFN is experienced in the home it can aggravaie the LFN induced
pathology, either by making pariicular signs and symptoms more severe or
by accelerating the onset of other signy and sympioms.

‘Mainstream concepis hold that acoustical phenomena impack the human
body through the auditory system. While this may be true for certain
regions of the acoustical spectrum, there are other regions of the acoustical
spectrum (0 - 250Hz — LFN) where acoustical phenomena impact the
human body without rhe involvement of the auditory system. So any study
that tries io anderstand the effects of LFN, as it is perceived by the
auditory system Is missing the point.*

For those in work environmen!s with extended exposure to large pressure
amplitude and LFN (LPALF), e.g., for aircraft technicians, vibreacoustic disease
i1s an eccupational health hazard, a disease process that was studied extensively
after patterns of health preblems were observed.

In one study by Castelo Branco et a] [Castelo Branca NA, Rodriguez E, Alves-
Pereira M, Jones DR. Vibroacoustic disease: some forensic aspects. Aviaticn,
space, and environmental medicine 1999 Mar; 7003 Pt 2): A145-51], among 236
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aircraft technicians, the disabilities manifested themselves after a minimum of
16 years. Disabilities included neurclogical (34%), psychiatric (5.7%),
cardiovascular (6.8%), and osteoarticular (5.9%). Echocardiograms (EEGs)
showed *characteristic changes in pericardial strucmres’, with five penicardial
layers instead of 1hree,

Among the study pacticipants, 73% were disabled after an average of 24 years.

An important aspect of these studies is the observation that not only can noise
have adverse health effects, but also that low frequency neise can adversely
impact the human body. This is because, to reitcrate, although people perccive
sounds and noise via the auditory system:

“Acoustical phernromena impact the hiuman body withont the invelvement

of the auditory system” and “any study thar tries to understand the effects

of LFN, as it is perceived by the auditory system is missing the poim”™. [M
Alves-Pereira]

In 2002, Meller and Lydolf [Moller H and Lydalf M. A survey of coinplaints of
infrasound and low frequency noise. Joumal of low frequency noise, vibration
and active control 2002; 21(2): 53-63] reported on |98 persons who had

reporied complaints about noise, identified as infrasound and low frequency
noise:

“Their verbal reports often described the sound as deep and humming or
rumbling, as i coming from the disiant idiing engine of o truck or pump.
Nearly all respondenis reported a sensory perception of sound, In general
they reported that they perceived the sound with their ears, but many
mention also the perception af vibration, either in the body or external
objects.”

The authors continue:

"The sound disturbs and irritates during most activities, and mony consider
its mere presence as a torment to them. Many of the respondents repovted
secondary effects, such as insomenia, headache and palpitation. Typically,
measturements have shown that existing limits {and hearing thresholds) are

nol exceeded. ”

Moller and Lydolf sugpest that there is ample evidence to pursue this research
issue further, including the frequencies and levels involved.

Research published in 2003 on low frequency and broadband noises and
annoyance [Pawlaczyk-Luszczynska M, Dudarewicz A, Waszkowska M,
Sliwinska-Kowalska M. Assessment of annovance from low frequency and
broadband noises. International journal of occupational medicine and
environmental health 2003; 16(4}: 337-43] shows that;

“"LFN was rated as significantly more annoying than BBN at the
comparable A-weighted sound pressure levels. The annoyance assessment
of either noise did not depend on age, length of employment or the fevel of
exposure to noise at a current workplace. LEN presents a high risk of
influencing human well-being ..."
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[ndeed, additional studies, most in controlled environments and laboratories,
have conficmed their findings.

In a 2004 study conducted at the Nofer Institute of Occupational Medicine in
Lodz, Poland, the authors wrote [Pawlaczyk-Luszczynska M, Dudarewicz A,
Waszkowska M, Szymezak W, Kamedula M, Sliwinska-Kowalska M. The
effect of low [tequency noise on human mental perfonmance [article in Polish).
Medycyna pracy 2004; 55(1):63-74]:

"There is a growing body of daia showing that low freguency noise (LFN)
defined as broad band roise with dominant content for low jrequencies (10 -
250 Hz} differs in its nature from other noises at comparable levels. The
aim of this study was to assess the influence of LFN on Innnan mental
performance. Subjects were {93 male paid volunreers ... LFN at 50 dB{4)
could be perceived as annoying and adversely affecting mental performance
{concentration and visuwal perception} ...

In another study by this group of 96 men and women, {Pawlaczyk-Luszczynska
M, Dudarewicz A, Waszkowska M, Szymczak W, Sliwinska-Kowalska M. The
impact of low frequency noise on human mental performance. International
journal of occupational medicine and environmental heaith 2005; 18(2): 185 -

198}, the authars note that:

“Low frequency noise differs in it nature from other environmental noise at
comparable levels, which are not dominated by low fregiiency components.”
{See also Berglund et al, Sources and cffects of low frequency noise, JASA

1996]
Pawlaczyk-Luszezynska et al continue:

"Recent investigations show that low frequency noise at relatively fow 4-
weighted sound pressure levels (about 40 — 45 dB) can be perceived as
annoying and adversely affecting the performance, particularly when
execiting more demanding tasks. Moreover, persons classified as sensitive
io low frequency noise may be at a higher risk.”

The results of this study “supports a hypothesis that LFN at levels normally
occurring in the cortrol rooms (at about 50 dB(A}) might adversely
influence the human mental performarnce and lead to work impairment,”

These authors also note thar “previous studies on the effects of communiry
LFN (in dwelling roons) showed that subjects sensitive to this type of noise
were not necessarily sensitive ta noise in general as measure by noise
sensitivity scales ... Sensitivity 1o this special type of noise {LFN] was
somewhat different from sensitivity in general.”

"LFN at relatively fow A-weighted SPL (about 40 dB) could be perceived as
annaying and adversely affecring the performance, particularly when
mentally demanding tasks were executed ... " [see also Persson Waye et al,
Low frequency noise pollution interferes with work performance. Noise and
health 2001 Oct-Dec; 4(13): 33 - 49]
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"A subset of seciety should not be forced to bear the cost of a benefit for the larger sociaty.” 1

Introtduction

One of the founding principles in the United States is encapsulated in the quete above. Today in
a significant number of rural communites residents believe this principle is under challenge by
the current push for renewable energy sources, especially those related to industrial-scale wind
turbines {WTi). The U.S, is a latecomer to the wide spread use of wind turbines as an integral
part of the electrical utility system. The construction of large WTi projects in the U.5.is a
relatively recent phenomenen, with most of the projects occurring after 20602, Other countries,
especially in Burope and the U.K,, have been using wind energy systems since the early 1990's
and in some cases even earlier. Wind energy in those countries where WTi locations are
optmu for production of electricity, produce a substantial amount of electricity for internal
use or export. These early projects were often installations of wind turbines with less than 1
MWat generation capacity and with hub heights under 200 feet. Now, many of these sarly
wind energy projects are near the end of their tife cycle and are being replaced with the larger
industrial grade WTi unit with capacities of 1.5MWatts to 3 or more MWatts, The concepts and
reconunendations of this article may be applicable outside the U.S. as older wind farms are
upgraded to the larger 1.5 MWalt and larger WTi.

[f one listens to the people who see industrial wind turbines as the answer to the energy
concerns in the U.S. one would think that the wind turbines are perfectly compatible with rural
communides. Our State and Federal Governments and their agencies make the same claims
about compatbility. Some States have established guidelines and direct local county and
township governments to adopt these draft ordinances for their own use.

! Georg= S, Hawkins, Esq., “One Page Takings Summary: U.5 Constitution mrd Local Land Lise”
Stony Brook-Millstone Watershed Association

“..INJar sholl private property be token for pubiic use, without just compensation.”

Fifth Ammendment, US Constitution.

10f35
@ 2008, Georpe W. Kamperman antd Richard R. James, Portions @ Kamperman, James, and INCE

Permisshon is hereoy granted far any person to reproduce a fractional part of any paper herein provided that permission is
abtained from i1s author(s} and credit |s glven to the author{s) and the INCE Noise-con 2008 Proceadings. Natification to
INCE{US4 5 alse required for repreduction of portions from Noise-Con 2008 Proceedings.
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Cem the other hand, if one listens to the various community action groups that have been
organized in alimost every community where WTi projects have been announced the situation is
just the opposite. The members of those groups believe there is ample reason to challenge
criteria set in the State Drafy Ordinances and actively petition their local governuments to adopt
stricter guidelines. To them, WTi will cause excessive noise at or in their homes. Other concerns
include vibration and potential health risks to the community. Those who live the closest to the
WTi host sites feel they are asked to bear the largest share of the burdens and risks of living near
the industrial wind turbine project.

Who is correct? How does one know who to believe? Indeed, does anyone know the whole
truth?

When faced with a new situation it is often worthwhile to see if one can learn from the
experiences of the ‘early adopters.” In the UK, for example, there are currently about 133
operating WTi developments. Many of these have been operational for over 10 years. The
Acoustic Ecology Institute (AEl) cites one study conducted for the British government in its AEI
Special Report ttled: “Wind Energy Noise [mpacts?” that found only about 20% of wind farms
tend to generate noise complaints. Another study done for the British government by the
consulting firrn Hayes, McKensie3 reported that only five {5) of 126 wind farms in the U.K.
reported problems with the phenomenon known as Aerodynamic Modulation (AM). Thus,
experience in the U. K. shows that not all WTi projects lead to community complaints. The
question posed by AEI to these findings in its report is: “What are the factors in thgse wind
farms that may be problematic, and how can we avoid replicating these situations
elsewhere?”

One might expect that the wind industry itself, given the European and U K. experiences, would
have conducted extensive research using independent research institutions to answer this
question. The wind industry was aware of, or shouk] have been aware of, the complainlis of
noise and /er vibration from people living near the “20%” of the projects that are recognized as
having problems. Parbcularly considering there are more stringent notse limits in those
countries than are being promoted in the US. As discussed later, the wind industry is aware of
and follows criteria limiting the WTi to Lso+5 dBA limits in some countries or the fixed limits of
not-to-exceed 30-40 dBA at night in rural and residential areas of Germany.

A serious queston is asked and it deserves a serious answer. Answers based on independent
and peer reviewed studies are sought by the commitiee charged with fact finding. But, the
industry response is spurious and misleéading. The answer does not address the question. [t
states that the turbines will be located so as to produce sound levels of 45 dBA. The tone and
context imply that 45 dBA is fully compatible with the quiet rural community where they plan to
host the WTi, No acknowledgement is made of the dramatic change that will occur for near-by
families when a WTi is producing 45 dBA outside their home with the potential for it being 24
hours a day, 7 days a week, and 365 days a year.

No mention is made of how the sounds from the WTi will raise evening and right ime
background sound levels from existing background levels from the traditional range of 20 4BA
to 30 dBA up to 45 dBA once the wind project is operating on a regular basis. There is no
disclosure of the considerable low frequency content to the WTi sound; in fact, there are often

1 AFllsa 501cl3 non-profit organization based in Santa Fe, New Mexico, US4, The article i available at
; arousticecology. org/srwind. htm)

: Study review available at: hitp.f fmww. berr gov.uk/fes/fila32593 pdf
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claims to the contrary. Yet, modern home construction techniques used for most wood frame
homes result in walls and roofs that cannot block WTi low frequencies from penetrating into lhe
interior,

But, from what information the industry has been willing to make public, it appears that none of
this prior experience has been applied to the projects in the U.S. Instead, what has been
observed of their actions in the U.S. shows WTi project developers and their supporters making
claims that wind turbines will not be a noise ‘problem’ to near-by residents. That the turbines
will be “as "quiet’ as a person talking outside the window” of the near-by homes or “no noisier
than a refrigerator...”are claims often heard. This ignores the question of just how many people
want someone talking outside their bedroom window all night long or wish to sleep with a
refrigerator alongside their bed?

A typical WTi developer's response to a question raised by a community committee about noise
and health is the following:

Q: 19. ‘What sound standards will EcoEnargy ensura that the turbines will be within, based on the sethacks EcoEnergy
rlans toimplement, and what scisntific and peer reviewed data do you have to ensure and support thare will be
no hagsith and salety isswes to persons within your setbacks?

Answai:  As mentioned, turbines are sited to have maximum, sound level of 45d8A These sound levels ara weall below
levels caysing physical barm, Medical boaks on sourd indicate sound levals above 80-90dBA cause physical
(heatih) effects. The possible effects to a person’s health due to "annoyance™ are impossible 1o study in a
scientific way, as these are often mostly psychosomatic, and are not caused by wind turhines as much as the
individuals obsession with a new item in their environment.
From E2tEncrgy’s “Response to the Town of Union Health & Safety Resaarch Questionnaira™
By Lt Bjurlin, M.S., Was Shymaker, P.E.. Rick Gungef, P.E., EcoEnergy, LL.C., submitted 1o Town of Unicn, wWiscensin and Mr,
Kandall Schneider, on behalf of the Town of Unlon

There is no mention of the nighttime sound level recommendations set by the World Health
Crganization (WHO) in their documents on Cornmunity Noise or their “Report on the third
meeting on night noise guidelines.” In those documents WHO recommends that sound levels
dnring nighttime and late evening hours should be less than 30 dBA during sleeping periods
ta protect children's health, They noted that a child's autonomaous nervons system is 10 to 15 dB
more sensitive to noise than adults. Even for adults, health effects are first noted in some studies
when the sound levels exceed 32 dBA Lua. These levels are 10-20 dBA lower than the sound
levels neaded to cause awakening.

For sounds that contain a strong lew frequency component, which is typical of wind turbines,
WHO says that the limits may need Yo be even lower than 30 dBA to avoid health risks. Further,
they recommend that the criteria use dBC frequency weighting instead of dBA for sources with
Iow frequency content. When sound levels are 45 dBA outside a home, the interior sound levels
must be less than 30 dBA, in the sleeping areas to avoid sleep disturbance. This is because the
low frequency content of the WTi can penetrate the home's walls and roof with very little low
frequency noise reduction. An example demonstrating how WTi sound is affected by walls and
windaws is provided later in this document.

The wirkl turbine developers also fail to disclose that the International Standards Qrganization
(1509 in 1SO 1996-1971 recommends 25 dBA as the maximum night-time limit for rural
communities. As can be seen in the table below sound levels of 40 dBA and above are only
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appropriate ia suburban communities ¢uring the day and urban communities during day and
night. There ure no communities where 45 dBA is considered acceptable at rught.

150 1996-1971 Recommendations fo_r_ Community Noise Limits

istrict Type " Daytime Limit Eu‘e?rj;nlgp::‘mit ‘| ﬂi::l-;lr;nr: ]
Rural . 358 || - 30d8 I 25d8
Suburban I a0d8 | 35dB 3048 |
urban residential [ 45dB | 40d8 3548 |
[Urban mixed 50dB | 45db [ 4o0dB

Even more egregious, the wind industry makes claims like "These sound levels are well below levels
cousing physical harm. Medical books on seund indicate sound levels above 80-904BA cause piysical
(healtly) gifects.” First of all, concern about sound levels in the 80-90 d BA range is for hearing
health, {your ears) and not the health related issues of sleep disturbance and other causative
factors associated with prolonged exposure to low levels of noise, This type of response is a
non-answer. It isa conscious attempt to mislead while giving the appearance of providing a
legitimale response.

Further, the statement: “The possible effects to a person's health due to "annoyance" are impossible to
stiedy tn o scientific way, us these are often mostly psychosomakic, and are not caused by wind turbines as
much as the individuals obsession with a newritem in their environment” is both inaccurate and mis-
leading. 1t ignores the work of researchers like Drs, Eja Pedersen, Amanda Harry, Robin Phipps,
and the numerous medical research studies summarized in the work of Frey and Hadden to
name just a few. These studies, in addition to the work here in the U.S. by Dr. Pierpont, belie the
claims of the wind industry, This ‘oversight’ of published studies is so blatant as to make soine
interpret their claim of ‘no medical research’ as a conscious decision o not [ook for it. I they
looked they would find there are numerous studies by qualified medical researchers that
contradict their claim,

Compounding these unfounded and misleading claims to the questions raised by the
community's committee members, wind indusiry advocates who have little or no medical
qualifications make statements outside of their area of competence. They label complaints of
health effects as 'psychosomatic’ in 2 pejorative manner that implies the complaints can be
discounted because they are not really “medical” conditions. These responses cannot be
considered as based in fact. They ignore the work of many researchers, including health
organizattons like WHO on the effect of sounds during nighttime hours that resultin sleep
disturbance and other disorders that cause physical, not just psychological pathologies. ¢ * Many
people find it difficult to articulate what has changed. They know that something is different and
they may express it as feeling uncomfortable, uneasy, and sleepless or some other symptom.
Yet, they often cannot explain why this is happening.

$ WHO European Centre for Environment and Health, Bonn Office, “Report on the third meeting on night
noise guidelines,” April 2005

3 Acrording to Online Etymwology Dictionary, Psychosomatic means: *pertaining ta the relation betwesn

mind and body."... Applied from 1938 to physical disorders with psvchological causes.”
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The atierapt to make light of the well established physical effects of nighttime sounds from W11
located too close to homes by labeling them as 'psychosomatic” is the only response the wind
industry offers to a question about real health risks. To many, the constant denial by the wind
industry and its promoters about health risks is5 a ‘red flag’ that something is amiss.

[ndustry representatives on State level governmental committees have worked to establish
sound lirnits and setbacks that are even more lenient. In Michigan, for example, the Governor's
State Tesk Force recommended in its “Siting Guidelines for Wind Energy Syslems” that the
limits bz set at 55 dBA or Lo +5 dBA, whichever is higher. In Wisconsin, the State Task Force has
recommended 50 dBA.

Who are on these Task Forces? When Wisconsin's Town of Union wind turbine conunittee made
an open records request to find out what scientific basis there was for the sound levels and
setbacks in the state's draft model ordinance it was revealed that no scientific or medicat data
was used atall. Review of the meeting minutes provided under that request showed that the
imits had been set by Task Force members representing the wind industy. ¢

Why have State level committees and/or task forces drafted ordinances with upper limits of 50
dBA or higher instead of the much [ower limits applied to similar projects in other countries?
‘Where do they find the support for claims that locating 400 foot tall WTi as close as 1000 feet {or
less} to non-participating properties will not create noise distarbances or other risks? How can
they male the claims in the face of a legacy of complaints from people living neat existing wind
turbine developments? Why so close? 7 Whose interest is being served? ?

It is disappomting that the studies that are needed have not been done by the wind industry or
any of the other people eager to satisfy our federal and state government's unbridled enthustasm
for wind energy. This type of work has been delegated by the wind indusiry and its supporters
to private individuals and researchers who are working to understand what differences in siting,
weather, and operational modes result in the ‘failures.” When people in a community complain
about an exisling wind project doesn’t this create a serious public relations problem for the wind
industry? Why is there a sense of denial in its response to these situations?

The burden of the small percentage of failures is placed on the people wheo are being forced to
live with conditions they find annoying at best and intelerable at its worst. Many of these
pzople feel that they have had ne part to the decisions that created these conditions. Often, they
were members of a citizen's group that tried to forewarn their [ocal government about the

¢  Lawton, Catharine M., Latter to Wisconsin's “Guidelines and Model Ordinances Ad Hoc
Subcommittee of the Wisconsin Wind Power Siting Collaborative” in Response to Paul Hzlgeson's
9/20/00 “Wisconsin Wind Ordinance Egroups E-Mail Message,” Sept. 20, 2000, a Public Record
obtained through Open Meetings Act request by the Town of Union, Wisconsin, Large Wind Turbine
Citizens Commilttee.

7 Ttis worth noting that the 2007-06-29 version of the Vestas Mechanical Operating and Maintenance
Manual for the model V50 - 3.0 MW VCRS 60 Hz turbine includes this warning for technicians and
operators:

7 Stay and Trafflc by the Turbine

i

|

I a radius of 400m {1300ft) from the turki less it is necessary. If you have 1o inspect an
I

operalmg turblne from the ground, do not stay under the rotor plane but observe the rotor from the front.
Wiak=2 sure that children do not stay by or play nearby the turbine. .. -
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possibility that the wind project would not be compatible with their community. On top of this
individualized burden they are asked, like the rest of us, to bear the increased costs for
electririty, subsidies, and taxes that result from the government incentives to entice investments
in Wi davelnpments,

This is why the two studies in this document are so important. They are not the product of a
well funded research project by a major research group, but arc instead the personal work of
private individuals with expertise in their respective fields, but limited in both funds and access
to the internal data of the wind industry.

Both studies are based on solid foundations and their authors are experienced in their respective
fields, But, these studies are of necessity [imited by the barriers that prevent access to internal
data and the time and funds to conduct the research while trying to conduct their normal
business activities. Those who may not like the results of the studies will work hard to find flaws
to use in an attempt to discredit them, but those are the saime people and organizations that have
not been pro-active by funding the appropriate independent research or providing access to data
that is now claimed as ‘trade-secrets’ by the industry. Whether the attempts to discredit are to
claim that the research is too limited or that the information upon which the conclusions are
drawn are limited or some other argument the truth is that the wind industry should have done
this worl int an open, public manner using research groups that are both qualified and totally
iqdependent. That is the real problemn.

There is much that can be done even in the face of limnited resources. For example, there may be
guestions about whether wind turbines produce low frequency or infra-sound ermissions or not.
But, one does not have to know that there are high levels of low frequency or infrasound to
develop criteria that will protect against excessive levels just in case they are part of the WTi
sound emissions. One does not have te know what the mechanism is for pathology, if one
knows that moving away from wind turbines allows the pathologies to stabilize or reverse then
it is best to move away. Knowing what we wish to avoid is often enough to justify establishing

rules and guidelines that protect a community just in case those problems do exist.

These are early studies that should lead to more thorough studies, with propar funding. [f this
work hacl been done by the wind industry prior to generating the government enthusiasm for
their product with claims of compatibility with land-use in rural comumunities then paople like
Dr. Pierpont and the authors of this article would not be doing it on their behalf. We sincerely
hope that our work will lead to a higher level of interest in seeking the answer to the question of
why soine WTi projects do not result in acceptance by people living near then in the host
communities.

No new industrial process should be imposed on an unsuspecting public without having been
thoroughly, publicly, and independently studied beforehand. Only after such studies show that
industrial Wi projects do not introduce risks to the health or safety of the target communities
should they b= permitted to proceed. If the studies show there are risks, then the next step is to
determine what is needed to prevent them.

Until such work is done and accepted by independent reviewers, no WTi projects should be
permitted using taxpayer funds without stringent rules for noise and other risk factors. In the
absence of such work, it is both prudent and necessary to error on the side of caubion regarding
public health and safety including stringent standards limiting noise and other risk factors until
more ancl better information becemes available.
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Cptions for Siting Criteria

We started our research into guideiines for proper siting by reviewing the varicus guidelines
used in other countries to limit WTi sound emissions. A recent compendium of many of these
standards was presenied in the report: “Wind Turbine Facilities Noise [ssues”8. We found some
common ground in many of them. Some like Germany set explicit not-to-exceed sound level
[imits lik2 40 ABA nighttime in residential areas and 35 dBA nighttime in rural and other noise
sensilive areas. Other countries used the existing background sound levels for each community
as the basts for establishing the sound level limits for the WES project. This second method has
the advantage of adjusting the allowable limits for varions background scundscapes. [k makes
use of a standard method for assessing background sound levels by measuring over a specified
period of obsarvation to determine the sound level exceeded 90% of the time (L) during the
night. The night is important because it is-the most likely time for sleep disturbance. Then, using
the background sound level as the base the WES project is allowed to increase it by 5 ABA. Itis
this second method (Lo + 5 dBA) that we adopted for the criteria in this document. it has the
advantage of adjusting the criteria for each community without the need for tables of allowable
limits for different community types. We also focused only on the nighttime criteria. This is
bacause the WES will operate 24 hours a day and the nighttime limits will be the controlling
limits whether or not there are other limits for daytime.

Since many naral communities are very quiet it is possible that some will have Ly values of 25
dBA or lower. This may seem extreme when compeu-ed fo limits usually imposed on other
sources of community noise.

B!.lt wind turbine sounds are not | The world Health Organization recognizas the special place of low frequency
comparable to the more noise as an environmental problem. Its publication “Community Noise”
{Berglund et al., 2000) makes a number of refecencas 1o low fraquancy
neise, some of which are as fallows:

CoIMmon noise sources of
vehicles, aircraft, rail and

indush'y. Several studies® have * “ft should be noted that iow frequency noise... can disturb vest and

sleep even at low sowmd levels,

ShO"i“lb’]'l that annoya{rce to wind = For noise with 2 large proportion of low frequancy scunds a shill lewer
turbine sounds begins at levels guideline {than 30dBA) is recommended,
as low as 30 dBA. This is = When prominent low frequency components are present, noise

measures based on A-weighling are inappropriale. :
* Since A-weighting underestimates the spund pressura leve! of noise 1
with low frequency components, a bettar assessment of health effects

especially true in quiet rural
cormrumunities that have not had

previnus experience with would be to use C-weighting. |,
tndustrial noise sources. This * |t should be neted that a large proporbon of low frequency components |
increased sensitivity may be a in a noise May increase considerably the adverse effects anhealtn.” i
result of the periodic ‘whoosh’ WHQO also states; "The evidence on low frequency noise is sufficiently strong

10 warrantimmadiate concern.”

8 Ramakrishnan, Ph. D, P. Eng., Ramani, “Wind Turbine Facilitias Noise Issues” Dec. 2007 Prepared for
the Ontario Ministry of Environment.

? Sja Pedersen, "Human response to wind turbine noise - Perception. annoyance and moderaing faciors,
Occupational and Envirormmental Medicine,” The Sahlgrenska Academy, Gotenborg 2007 and the more
recent work “Wind Farm Perception”.
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from th2 blades against the quiet rural soundscape or it may be more complex. But, itisa
legitimate response to wind turbine sound based on solid peer reviewed research.

In the adjacent text box are a series of observations and recomumendations of the World Heaith
organizadon (WHO) supporting the need for stricter imits when there is substantial low
frequancy content in the outdoor sound. Our review of other studies plus our own studies has
demonstrated that wind turbine sound includes considerable low frequency content. We elected
to include a dBC limit in our guidelines to address the WHO recommendation that when low
frequancy sound may be present criteria based on measurements using a C-weighting filter on
the sound level meter (dBC) are needed in addition to any dBA criteria.

Wher low frequency sound is present outside homes and other cccupied structures; it is ofien
miore likely to be an indooer problem than an outdoor one. This is very brue for wind turbine
sounls.

To demonstrate the effects of outdoor low frequency content frorn wind turbines we prepared
the figures below showing the effect of a single turbine (propagation model based on sound
power level test data) at 1000 feet and ten (10) turbines at one (1) mile. The graphs each show
the outdoor sound pressure levels predicted for the distance of 1000 feet or one mile as the upper
graph line. There is also a curve that shows the threshold of human perception for .-,ounda at

each 1/3 octave Wind Turbine Hoise Spectra Inside Home

band center. When Ovea 15 e burbiine 34 1000 Fr {301m]

o T T L |
represandng wind n A 11 = i I
turbine sound have TS b T i Lo :
data points above ‘m;ﬁ:‘h L || mimrerconmmiinia |
this curve the 2 ﬁ i A1 WfT IO Pt windnw cpan E
sounds will be . L+ e :
parceptible to at a gg} ] ﬂ._“_ N ‘ F !
least 10% of the -3 N L] L2y ;]
population. In § \1‘ Py AN _l [* ] ! 1
addition to the top § SIUTTTTT M| T "I
graph line v ) J.1_ __j_l\:}ra‘- e B i
representing the R ’ B |
sounds oulside the a e A "
home there are two RIS LSRG ERALEE OIS LLS
other graph lines for

the souinds inside the home?, One graph represents the condition of no open windows and the
other represents one open window. Note how the two graph lines for the inside conditions are
sighificantly higher in amplitude than the curve representing the threshold of perception. Even
with the windows closed the sound pressure levels in the 63 Hz to 200 Hz octave bands still
exceed the perception curve, in many cases by more than 10 dB. When comparing the dBC
values {he dilference between inside sounds and outside is much less. The maximum difference
iri this example is only 7 dBC and that is for the situation with windows closed. With windows
open the sound inside the home would be 56 dBC while it is 61 dBC ouiside; a difference of on)y

10 The typical wood stud exterior used in modern home construction is vinyl siding over 1/2 inch OSB or
rigid fiberglass board applied to 2 X 4 studs with the stud space filled with thermal and 1/2 inch gypsum
board applied on the exposed interior side. This has a mass of about 3-4 Ibs/sq ft and low 26 STC.
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5dBC!,1213, |f we looked only at dBA it would appear that the home’s walls and roof provide a
reduction of 15 dBA or more. But, that is misleading. It incorrectly ignores the effects of Jow
frequancy sound. Relying on dBA alone will not wark for comumunity noise criteria. It is the
low frequency phenomena associated with WTi emissions that makes the JBC tests an important
part of the proposed criteria.

We applied the fagade sound isolation data from the Canada Research Council to the 2.5 MW
wind turbine example used in cur Noise-Con 2008 paper (next section). With just one turbine at
1,000 feat there is a significant amount of low frequency noise above hearing threshold inside a
home near an exterior wall without windows or very well sealed windows. Note the perceptible
sound between 50 and 200 Hz with a wall resonance frequency at 125 Hz (2 X 4 studs on 16 inch
centers) for the windows closed condition. This would be perceived as a constant low ramble
which would be present in the homes whenever the turbines are operating.

We next increased e e —eran
the number of 2.5 Wind Turbine Interior Noise Spectra
Mw turbines rom 40 2 Srtw mabrieed 2t o b milt 2R D AU it
one to ten and n ‘\ P B e v P
rnoveq the receiver o \ F-x_ L’L"J‘éﬁ'ﬂ:ﬁ."f&‘;’“"" |
one mile fron: the N ] e 0.2, Sy VT Eramssio
closest turbine. We . é WO one mle o naarast turbine
a55un'|Ed. the L ] N L . —— 10 W{Ts ¥ one mile window | |
acoustic canter for g fﬁ& ‘x *e sasle

. = 40 g;, - —C— 10W/Ts @ one mila window | —
the ters turbines to g 3‘5{ * . open
b 2tem (1-1/4 5w bl L 1 tel
miles) from tie % [Sreded .
receiver. These 2 . ‘““ﬂ ot
results are in the ‘x‘\g "*'““‘.\Q * {
figure below. For 10 = ARE
air absorption we \ x| | o1R! % L
assumedﬁlD"Cand u=g:ana:allg5§g‘ag'¥'§ ga?;iigiigig
50% RH. Cround 153 OCTAVE BAD GENTER FREQUEMGY, HZ - T -
reflecbon had

already been accounted for in the earlier 2.5 Mw 1,000’ calculations of SPL from the sound
power data (L.).. We used only simple inverse-square propagation, We were surprised to find
that the one mile low frequency results are only 6.3 dB below the 1,000 foot one turbine example.

This may explain why some residents as far as two {2) miles from a wind farm find the wind
turbines sounds highly annoying.

1" The basis for these predictions includes reports on aircraft scund insulation for dwellings and fagade
sound isolation data from the Canada Research Council,

12*0On che sound insulation of wood shad exterior walls” by [. 5. Bradley and ]. 5. Birta, institute for
Fesearch in Construction, National Research Council, Montreal Road, Otkawa K1A 0R6, Canada,
published: j.Acoust. Sec. Am. 110 {6), December 2001

13 Dan Hoffmeyer, Birger Plovsing: “Low Frequency Noise from Large Wind Turbines, Measurements of

Seund Lsulation of Facades.” Joumal ne. AV 1057/08, Client Danish Energy Authority, Amaliegade 44,

1256 Copenhagen K
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The rext secton of this article presents the Noise-Con 2008 paper with some recent revisions. 1L
is therefore more current than the version published in the proceedings.

Dearborn, Michigan

NOISE-CON 2008
2008 July 28-31

Simple guidelines for siting wind turbines to prevent health risks"

By:
George W, KSMPermarn, mce pd e Ementu Richard R, Jameas, e
Kamparman Associates, Inc. E-Coustic Solutions
george@kamperman.com rickjames@e-coustic.cem

Revision: 1.0

[ndustrial scale wind turbines are a familiar part of the landscape in Eurape, U.K. and other
paris of the world. In the U.S., however, similar industrial scale wind energy developments are
just beginning operation. The presence of industrial wind projects will increase dramatically
over the next few years given the push by the Federal and state governments to promote
renewable energy sources through tax incentives and ather forms of economic and political
support. States and local goveruments in the U.S. are promoting what appear to be lenient rules
for how industrial wind farms can be located in communities, which are predominantly rural
and often very quiet. Studies already completed and currently in progress describe significant
health effects associated with living in the vicinity of industrial grade wind turbines, This paper
reviews sound studies conducted by consultants for governments, the wind turbine ewner, or
the local residents for a number of sites with known health or annoyance problems, The purpose
is to deftermine if a set of simple guidelines using dBA and dBC sound levels can serve as the
‘safe’ siing guidelines. Findings of the review and recommendations for sound limits will be
presentad. A discussion of how the proposed limits would have affected the existing sites where
people have demonstrated pathologies apparently related to wind turbine sound will also be
presentad.

Background

A relatively rew source of community noise is spreading rapidly across the rural U5,
countryside. Industrial grade wind turbines, a common sight in many European countries, are
now being promoted by Federal and state governments as the way to minimize coal powered

M COPYRIGHT @ notice for AKls Sertion :

The ¢ontets of the NOISE-CON 2008 Procesdings have been reproduced from the original auther-submitted files, The authors
ara solely sasponsible for the technical content and opinions axpressad therein, The opinions expressed are not necessanly
those of the Institute of Noise Control Engineering of the USA, Washington, DC or those of the Acoustical Society of America @
2008, The authars have given their permission to inglude the entire text of the paper as part of this documant.

Permission is hereby granted for any person to reproduce @ fractional part of any paper hereln provided that permission is
obtained from s authorls) and credit s glven 10 the authoris) and the INCE Noise-con 2008 Proceedings Nanfication te
INCE/USY, is alsc reguired.

100f35



VERSION 1.0 CRITER!A FOR SITING WIND TURBINES TO PREVENT HEALTH RISKS FROM SOUND  7/30/2003
George W. Kamperman, ¢ and Richard R. James, ¢

electrical energy and its effects on global warming. But, the initial developments using the
nawer 1.5 to 3 MWatt wind turbines here in the U.5. has also led fo numerous complaints from
testidents whe find themselves no longer in the quiet rural communities they were living in
bafare the wind turbine developments went on-line. Questions have been raised about whether
the current siting guidelines being used in the U.5. are sufficiently protective for the people
living clcsest io the developments. Research being conducted into the health issues using data
frara esizblished wind turbine developments is beginning to appear that supports the possibility
there is a basis for the health concerns. Other research info the computer modeling and other
methods used for determining the [ayout of the industrial wind turbine developmenis and the
distances from residents in the adjacent communities are showing that the output of the models
should nat be considered accurate enough to be used as the sole basis for making the siting
dacisions.

The avthors have reviewed a number of noise studies conducted in response to community
complaints for wind energy systems sited in Europe, Canada, and the U.S. to determine if
additional criteria are needed for establishing safe limits for industrial wind harbine sound
irnmissions in rural communities. In several cases, the residents who filed the complaints have
been included in studies by medical researchers who are investigating the potential health risks
associated with living near industrial grade wind turbines 365 days a year. These studies were
also reviewed by the authors to help in identifying what factors need to be considered in setting
criteria for ‘safe’ spund limits at receiving properties. Due to concerns aboul medical privacy,
details of these studies are not discussed in ¢this paper. Current standards used in the U.5. and in
most other parts of the world rely on not-to-exceed dBA sound levels, such as 50 dBA, or on not-
to-excead limits based on the preconstruction background sound level plus an adder (e.g. Laos +
5 dBA).

Our review covered the commundty noise studies performed in response to complaints, research
on health issues related to wind turbine noise, critiques of noise studies performed by
consultants working for the wind developer, and research/ technical papers on wind turbine
sound inunissions and related topics. The papers are listed in Tables 1-4.

Table 1-List of Stwdies Related to Complainis

| Resource Systems Engineering, Sound Level Study - Ambient & Cperations Sound Level
Mondtoring, Maine Department of Environmental Protection Order No. L-21635-26-A-N, June

2007

E35 Group, Inc., Draft Environmental Impact Statement For The Dutch Hill Wind Power
Project - Town of Cohocton, NY, November 2006

David M, Hessler, Environmental Sound Survey and Noise lmpact Assessment - Noble
Wethersfield Wind park - Towns of Wethersfield and Eagle NY For: Noble Environmental
Power, LLC January 2007

i George Hessler, “Report Number 101005-1, Noise Assessment Jordanville Wind Power
Project,” October 2006

HGC Enginevring, “Environmental Noise Assessment Pubnice Point Wind Farin, Nova Scotia,
i Natural Resources Canada Contract NRCAN-06-0046," August 23, 2006

John 1. Walker, Sound Quality Monitoring, East Point, Prince Edward [sland” by Jacques
Whitiord, Consultants for Prince Edward Island Energy Corporation, May 28, 2007
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Tabte 2- Lizt of Studics relaled to Health

‘Nina Piarpont, “Wind Turbine Syndrome - Abstract” from draft article and personal
conversations. www.ninapierpont.com

Nina Pierpont, “Letter from Dr. Pierpont to a resident of Ontario, Canada, re: Wind Turbine
Syndrome,” Autumn 2007

Amanda Harry, “Wind Turbine Noise and Health” (2007)

Homes, Bffects on Health” (2007)

Eja Pedersen, “Human response to wind turbine noise - Perception, annoyance and
moderating factors, Occupatioral and Environmentat Medicine,” The Sahlgrenska Academy,
Gotenborg 2007

| Robin Fhipps, “In the Matter of Moturimu Wind Farm Application, Palmerston North,
Agustralia,” March 2007

WHO Furopean Centre for Environment and Health, Bonn Office, “Report on the third
meeting on night noise guidelines,” April 2005

Tabie 3-List of Studies that review Siting Impact Statements

["Richard H. Bolton, “Evaluation of Environmental Noise Analysis for Jordanviile Wind
Power Project,” December 14, 2006 Rev 3.

Clifford P. Schneider, “ Accuracy of Model Predictions and the Effects of Atmospheric
Stability on Wind Turbine Noise at the Maple Ridge Wind Power Facility,” Lowville, NY -
2007

Table 4-List of Research and Technical papers included in review process

Anthony L. Rogers, James F, Manwell, Sally Wright, “Wind Turbine Acoustic Noise,”
Renewalile Energy Research Laboratory, Dept. of ME and IE, U of Mass, Amherst, amended
June 2006

150.1996. Acoustics - Attenuation of sound during propagation cutdoors - Part 2. General
method of calculation. International Organization of Standardization. 150 9613-2. p. 18.

G.P. van den Berg, “The Sounds of High Winds - the effect of atmospheric stability on wind
turbine sound and microphone noise,” Ph.D. thesis, 2006

Fritz van den Berg, “Wind Profiles over Complex Terrain,” Proceedings of Second
ternational Meeting on Wind Turbine Noise, Lyons, France, Sept. 2007

Williamn K. G. Palmer, "Uncloaking the Nature of Wind Turbines-Using the Science of
Meteorology,” Proceedings of Second International Meeting on Wind Turbine Noise, Lyons,
France, Sept. 2007 :

Soren Vase Legarth, “ Auralization and Assessment of Annoyance from Wind Turbines,”
Proceedings of Second International Meeting on Wind Turbine Noise, Lycons, France, Sept.
2007
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Julian T. and Jane Davis, ” Living with aerodynamic modulation, low frequency vibration |
and sleep deprivation - how wind turbines inappropriately placed can act collectively and
destroy rural quietitude,” Proceedings of Second International Meeting on Wind Turbine
Naise, Lyons, France, Sept. 2007

James [, Barnes, “A Variety of Wind Turbine Noise Regulations in the United States - 2007,
Proceedings uf Second International Meeting on Wind Turbine Noise, Lyons, France, Sept.
2007

M. Schavartz and D. Elliott, Wind Shear Characteristics at Central Plains Tall Towers, NREL
2006

[EC 61400 “Wind turbine generator systems, Part 11: Acoustic noise measurernent
technigues,”.rev:2002

Discussion

After reviewing the materials in the tables; we have arrived at our current understanding of
wind turbine noise and its impact on the host community and its residents. The review showed
that sore residents living as far as 3 km (two (2) miles) from a wind farm complain of sieep
disturbance from the noise. Many residents living one-tenth this distance (300 m. or 1000 feet)
from a wind farm are experiencing major sleep disruption and other serious medical problems
frota nighttime wind turbine noise. The peculiar acoustic characteristics of wind turbine noise
irnmissions cause the sounds heard at the receiving properties to be more annoying and
troubli:some han the more familiar noise from traffic and industrial factories. Limits nsed for
these other community noise sources do not appear to be appropriate for siting industrial wind
turbines. The residents who are annoyed by wind turbine noise complain of the approximately
one (1) second repetitive swoosh-boom-swoosh-boom sound of the turbine blades and "low
frequency” noise. Itis not apparent to these authors whethet the complaints that refer to “low
frequancy” noise are about the audible low frequency part of the swoosh-boom sound, the one
hertz amplitude modulation of the swoosh-boom sound, or some combination of both acoustic
phenomena. -

To assist in understanding the issues at hand, the authors developed the “conceptual’ graph for
industrial wind turbine sound shown in Figure 1. This graph shows the data from one of the
complaint sites plotted against the sound imunission spectra for a modern 2.5 MWatt wind
turbine; Young's threshold of perception for the 10% most sensitive population (150 0268); and a
spectrum obtained for a rural community during a three hour, 20 minute test from 11:45 pm
until 3:05 am on a windless June evening in near Ubly, Michigan a quiet rural community
located in central Huron County. (Also called: Michigan's Thumb.} It is worth noting that this
rural community demonstrates how quiet a rural community can be when Jocated at a distance
from industry, highways, and airport related noise emitters.

Curing our review we posed a number of questions to ourselves related to what we were
learning. The questions {italics) and our answers are:

Do National or International or local community Noise Standards for siting wind turbines near dwelling:
address the low frequency portion of the wind iurbine’s sound irimissions?i% Nol State and Local
povernments are in the process of establishing wind farm noise limits and /or wind turbine

5 Emissions refer to acoustic energy from the “viewpoint’ of the sourd emitter, while immissions refer to
acoustic energy from the viewpoint of the receiver,
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setbacks from nearby residents, but the standards incorrectly presume that limits based on dBA
levels ase sufificient to protect the residents.

3o wind ferme develapers have noise fnit criteria andfor wind turbine setback critena fmf apply to nearty
resutenis? Yes! But the Wind Industry recommended residential wind turbine noise levels
(typically 50-55 dBA) are too high for the quiet nature of the rural cormmunities and may be
unsafe for the nearest residents. An additional concern is that some of the metheds for
implementing pre-construction computer models may predict sound levels that are too law.
These two factors combined can lead to post-construction complaints and health risks,

Are all residents living near wind farms equally affected by wird turbine noise? Mo, children, people
with pre-existing medical conditions, especially sleep diserders, and the elderly are generally the
nost suscaptible. Some people are unaffected while some nearby neighbors develop serious
health effects caused by exposure to the same wind turbine noise.

How docs wind hirbine noise impact nearby residents? Initially, the most cononon problemn is chronic
sleep deprivation during nighttime. According to the medical research documents, this may
develop into far more serious physical and psychological problems

Whet are the techuical options for reducing wind turbine noise immission at residences? There are only
two options: 1} increase the distance between source and veceiver, and/or 2) reduce the source
sound power immission. Either sclution is incompatible with the objective of the wind farm
developer to maximize the wind power electrical generation within the land available.

Wind Turbine Sound Spectra
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s wind furbine noise al q vesidence much more annoying than traffic noise? Yes, researchers have
found that “Wind turbine noise was perceived by about 85% of the respondents even when the
calculated A-weighted SPL were as Jow as 35.0-37.5 dB. This could be due lo the presence of
amplitude modulation in the noise, making it easy to detect and difficult to mask by ambient
noise ” [JASA 116(6), December 2004, pgs 3460-3470, “Perception and annoyance due to wind
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turbine noise-a dose-relationship” Eja Pedersen and Kerstin Persson Waye, Dept of
Environmental Medicine, Goteborg University, Sweden]

Wiy do wind furbine noise immissions of only 35 dBA disturb sleep at night? This issue is now being
stuclied by the medical profession. The affected residents complain of the middle to high
frequency swooshing sounds of the rotating turbine blades at a constant repetitive rate of about
1 hertz plus low frequency noise. The amplitude modulaton of the swooshing sound changes
continuously. The short time interval between the blades’s swooshing sounds described by
residents as sometimes having a thump or low frequency banging sound that varies in
amplitude up to 10 BA. This may be a result of phase changes between turbine emissions,
turbulence, or an operational mode. The assumptions about wall and window attennation being
15 dBA or more may not be sufficiently protective considering the relatively high amplitude of
the wind rbine’s low frequency immission spectra.

What are the Fypical wind farm noise Immission criteria or startdards? Limits are not consistent and
may vary even within a particular country. Example criteria include: Australia-the highest of 35
dBA or Lgy + 5 dBA, Denmark-40 dBA, France Ly + 3 (night) and Lso + 5 (day), Germany-40 dBA,
Holland-40 dBA, United Kingdom-40 dBA (day) and 43 dBA (night) or Ley + 5 dBA, Ninois-
Octave frequency band limits; About 50 dBA (day) and about 46 dBA (night}, Wiscensin-50 dBA
and Michigan-55 dBA.

What is a reasonable wind farnr sound immrission Jintit to prolect the health of residences? We are
proposing an immission limit of 35 ABA or Lepa + 5 dBA whichever are lower and also C-
weighted criteria to address the impacted resident’s complaints of wind turbine low frequency
naise; For the proposed criteria the dBC sound level at a receiving property shall not exceed Laa
+ 20dB. In other words, the dBC operating immission [imit shall not be more than 20 dB above
the measured dBA {Lss) pre-construction nighttime background scund level. A maximum not-
to-exceed limit of 50 dBC and 55 dBC is also proposed.

Why shauld the dBC tmmission limit not be perniitted to be more than 20 dB above the background
measured Lops? The World Health Organization and others have determined a sound emitter’s
noise that results in a difference between the dBC and dBA value greater than 20 dB will be an

. annoying low frequency issue.
Is not Lega the minimum dBA background noise level? This is correct, but it is very important to
establish the statistical average background noise environment outside a potentally impacted
residence during the quietest (10 pm to 4 am) slkeeping hours of the night. This nighthine sleep
disturbance has generated the majority of the wind farm noise complaints throughout the world.
The basis for a community’s wind turbine sound imrmission limits would be the minimum 10
ntinute nighttime Lsos plus 5 dB for the time period of 10 pm to 7 am. This would become the
Nighttime Immission Limits for the proposed wind farm. This can be accomplished with one or
several 10 minute measurements during any night when the atmosphere is classified stable with
a light wind from the area of the proposed wind farm. The Daytime Limits (7 am to 7 pm) could
bz set 10 dB above the minimum nighttime Lsoa measured noise, but the nighttime criteria will
al'ways be the limiting sound levels.

A nzarby wind farm meeting these noise immission criteria will be clearly audible to the
residents cccasionally during nighttime and daytime. Compliance with this noise standard
would be determined by repeating the initial nighttime minimum righttime Lsoa tests and
adding the dBC (Leqc) noise measurement with the turbines on and off. [f the nighttime
background noise leve! (turbines off) was found to be slightly higher than the measured
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baclgrownd prior to the wind farm installation, then the results with the turbines on must bz
corrected to determine compliance with the pre-turbine established sound imits.

The corumon method used for establishing the background sound level at a propesed wind farm
used in many of the studies in Table I was to use unattended noise monitors ta record hundreds
of ten (10) mihute measurements to obtain a statistically signiticant sample over varving wind
conditions or a period of weeks. The measured results for daytime and nighttime are combined
to delermine the statically average wind noise as a function of wind velocity measured at a
height of ten (10) meters. This provides an enormous amount of data but the results have little
relationship to the wind turbine sound immission or turbine neise impact in nearby residents.
The purpose of this exhaustive exercise often only demonsirates how much neise is generated by
the wind. In some cases it appears that the data is used to "prove’ that the wind noise masks (he
turbine’s sound immissions.

The most glaving fault with this argument is shown during the frequent nighttire conditions
with a stable atmosphere when the wind turbines generate the maximum eleciricity and notse
while the wind at ground level is calm and the background noise level is low. Thisis the
condition of maximum turbine neise impact on nearby residents. [t is the condition which mos!
directly causes chronic sleep disruption. Furthermore, this methodnlogy is usually faulty, as
rnuch of the wind noise measured by unattended sound monitors is the wind noise generated at
the microphone windscreen resulting in totally erronecus results. (See studies in Table 3, esp.
Van den Berg)

Are therz additional noise data to be recorded for a pre-wind turbine noise survey near selocted dwellings?
Yes, The measuring sound level meter(s) need to be programmed to include measurement of
Luqa o Laoa, Leqoa and Lege, Laoc, Legeoc plus start time & date for each 10 minute sample. These
results will be utilized to help validate the Ly data. For example, on a quiet night one might
expect Lyg and Ly or Leq to show similar results within 5 to 10 dBA and 10 to 15 dBC. On a
windy night or day the difference between Lip and Ly may be more than 20 dBA and 30 dBC.
There is also a nead to obtain a ten minute Hme averaged one-third octave band analysis over
the frequency range from 6.3 Hz to 10k Hz. The frequency analysis is very helpful for
identifying and correcting for extraneous sounds such as interfering insect noise. A standard
averapging sound level meter has the capability to perform all of the above acoustic
measurements simultaneously and store the results internally, There is a requirement for
measurement of the wind velocity near the sound measurement microphene continuously
throughout each ten (10} minute recorded noise sample. The ten (10) minute maximum wind
speed near the microphone shall not exceed 2 m/'s (4.5 mph) and the maximum wind speed for
operational tests shall not exceed 4 m/s {9 mph). Itis strongly recommended that observed
measurernenis be used for these tests.

Is thiere a need lo record weather data during the background notse recording survey? One weather
monijtor is required at the proposed wind farm on the side nearest the residents. The weather
slation sensors are at standard ten (10) meter height above ground. It is critical the weather be
recorded every ten (10) minutes synchronized with the clocks in the sound level recorders
without ambiguity in the start and end time of each ten (10) minute period. The weather station
should record wind speed and direction, temperature, humidity and rain.

Wiy dio Canean and some other countries base the permitted wind turbine noise immission limits on tie
operaticzaal wind velocity at the 10m height wind speed instead of @ 1naximum dBA or Le + 5 dBA
irmrission level? First, it appears that the wind turbine industry will take advantage ol every
opportunity to elevate the maximum permitted noise immission level to reduce the setback
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distarex: from the nearby dwellings. Including wind as a masking source in the criteria is one
method {or elevating the permissible limits. Indeed the background noise level does increase
with surface wind speed. When it does occur, it can be argued that the increased wind noise
provides some masking of the wind farm turbine noise emission. However, in the middle of the
night when te atmosphere is defined as stable (no vertical flow from surface heat radiation) Ute
layers of the [ower atmosphere can separate and permit wind velocities at the turbine hubs to be
2 to 4 tires the wind velocity at the 10m high wind meonitor but remain near calm at ground
level. The resultis the wind turbines can be operating at or clese to full capacily while it is very
quiet outside the nearby dwellings.

This is the heart of the wind turbine noise problem for residents within 3 km (approx. wo miles}
of a wind farm. When the turbines are producing the sound from operation it is quielest outside
the surrounding homes. The PhD thesis of P.G. van den Barg “The Sounds of High Winds” is
very enlightening on this issue. See also the letter by John Harrison in Ontario “On Wind
Turbine Guidelines.”

What sound momitor measurernents would be needed for enforcement of the wind tirbine soind
ordinece? A similar sound and wind 10 minute series of measurements would be repeated at
the pre-wind farm location nearest the resident registering the wind turbine noise complaint,
with and without the operation of the wind turbines. An independent acoustics expert should
bea retained who reports to the County Board or other responsible governing body. This
indepenclent acoustics expert shall be responsible for all the acoustic measurements including
instrurcentation setup, calibration and interpretation of recorded results. An independent
acoustical cousultant shall also perform all pre-turbine background noise measurernents and
interprelation of results to establish the Nighttime (and Daytime if applicable} industrial wind
turbine sound immission limits. At present the acoustical consultants are retained by, and work

directly for, the wind farm developer.

This presents a serious problem with conilict of interest on the part of the consultant. The wind
farm developer would like to show the significant amount of wind noise that is present to mask
the sounds of the wind turbine immissions. The wind farm impacted community would like to
know that wind turbine noise will be only barely perceptible and then only occasionally during
the night or daytime.

Is frequency analysis required either during pre-wind farm background survey or for complinnce
measurements? Normally one-third octave or narrower band analysis would ondy be required it
there is a complaint of tones immission from the wind farm. Although only standardized dBA
and dB. measurements are required to meet the proposed criteria the addition of one-third
octave hand analysis is often useful to validate the dBA and dBC results.

Proposaed Sound Limits -

The simgple fact that so many residents complain of low frequency noise from wind turbines is
clear avidence that the single A-weighted (dBA) noise descriptor used in rmost jurisdictons {or
siting turbines is not adequate. The anly other simple audio frequency weighting that is
standardized and available on sound level meters is the C-weighting or dBC. A standard scund
level meter set to measure dBA is increasingly less sensitive to low frequency below 500 Hz {one
octave above middle-C). The same sound level meter set to measure dBC is equally sensitive to
all frequencies above 32 Hz (lowest note on grand piarno). Tt is well known that dBC readings
are more predictive of perceptual loudness than dBA readings il low frequency sounds are
significant.
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We are proposing to use the commonly accepted dBA criteria that is based on the pre-existing
backgrcund sound levels plus a 5 dB aliowance for the wind turbine’s immissions {e.g. Lepa +3}
for the audible scunds from wind turbines. But, to address the lower frequencies that are not
considered in A-weighted measurements we are proposing to add limits based on dBC. The
Proposed Sound Limits are presented in the text box at the end of this paper.

For the current industrial grade wind turbines in the 1.5 to 3 MWait range, the addition of the
dBC reuirement will result in an increased distance between wind turbines and the nearby
residens, For the generalized graphs shownin Figure 1, the distances would need o be
increased siginificantly. This will result in setbacks in the range of 1 km or greater for the current
generztion of wind turbines if they are to be located in rural areas where the Lsoa background
sound lbavels are 30 dBA or lower. In areas with higher background sound levels, turbines could
be located soimewhat closer, but still at a distance greater than the 305 m (1000 ft.) or less which
are satbacks commonly seen in .S, based wind turbine standards set by many states and used
for wind turbine developments.

Proposed Wind Turbine Siting Sound Limits

1. Audibie Socund Limit
a. Mo Wind Turbine or group of turbines shall be Jocated so as to cause an exceedance of
- the pre-construction/operation background sound levels by more than 5 dBA. The
background sound levels shall be the Laa sound descriptor measured during a pre-
censtruction noise study during the quietest time of evening or night. All data recording
shall be a series of contiguous ten (10) minute meéasurements. Lapa results are valid when
Lioa results are no mote than 10 dBA above Lga for the same ime period. Noise
sensitive sites are to be selected based on wind development’s predicted worst-case
sound emissions (ir Lega and Lec) which are to be provided by the developer.
b. Test sites are to be located along the property line(s) of the receiving non-participating
property(s).
€. A 5dB penalty is applied for tones as defined in [EC 61400-11.
2, Low Frequency Sound Limit
a. The Legc and Leoc sound levels from the wind turbine at the receiving property shall not
exceed the lower of either:
1)  Leqc-Looa greater than 20 dB outside any occupied structure, or
2) A maximum not-to-exceed sound level of 30 dBC (Lgc) from the wind turbines
without other ambient sounds for properties located at one mile or more from
State Highways or other major roads or 55 dBC (L) for properties closer than
one mile.
These limits shall be assessed using the same nighttime and wind/ weather
conditions required in 1.a. Turbine operating sound irmmissions (Leqs and Leyc)
shall represent worst case sound immissions for stable nighttime conditions with
low winds at ground level and winds sufficient for ful! operating capacity at the
hub,

3. General Clause
a. Not to exceed 35 dBA within 30 m. (approx. 100 feet) of any occupied structure.
4. Requirements
a. All instuments must meet ANSI or [EC Precision integrating sound level meter
performance specifications.
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h. Procedures must meet ANSI 512.9 and other applicable ANSI standards.

c. Measurements must be made when ground level windsare 2m/s {4.5 mph) or
less. Wind shear in the evening and night often results in low ground level wind
speed and nominal operating wind speeds at wind turbine hub heights.

d. IEC 61400-11 procedures are not suitable for enforcement of these requirements
except for the presence of tones.

How to Include the Recommended Criteria in Ordinances and/or Community
Noise Limits ,
This next seclion presents the definitions, technical requirements, and complaint resolution
processzs thal support the recommended criteria. Following the formal elements isa section
discussing the measurement procedures and requirements for enforcement of these criteria. For
the purpose of this article the government authority will be referred to as the Local Government

Authority {LGA) as a place marker for State, County, Township or other authorized authority.
The abbraviation "WES’ is used for industrial scale wind energy system.

ELEMENTS OF A WIND ENERGY SYSTEMS LICENSING
ORDINANCE FOR SOUND

I Purpose And Intent.

Based upon the findings stated above, it is the intended purpose of the LGA fo regulate Wind
Energy Systerns to promote the health, safety, and general welfare of the citizens of the Town
and to establish reasonable and uniform regulations for the operation thereof so as to control

potentinlly dangerous effects of these Systems on the community.

. Definitions.
The following terms have the meanings indicated:

“Aerodynamic Sound” means a noise that is caused by the flow of air over and past the blades of a

T WES.

“Arabient Sound” Ambient noise encompasses all sound present in a given environment, being
usually a composite of sounds from many sources near and far, It includes intermittent noise
events, such as, from aircraft flying over, dogs barking, wind gusts, mobile farm or construction
machinery, and the occasional vehide traveling along a nearby road. The ambient also inciudes
insect and other nearby sounds from birds and animals or pecple. The near-by an transient
events are all part of the ambient sound environment but are not to be considered part of the
background sound. If present, a different time or location should be selected for determining the
L background sound levels.

“Anemoineter” means a device for measuring the speed and direction of the wind.

"Appliciert" means the individual or business entity that seeks to secure a license under this
secticn of the Town municipal code.

" A-Welghted Sound Level (dBA})" A measure of over-all sound pressure level designed to reflect
the response of the human ear, which does not respond equally to all frequencies. it is used to
describe sound in a manner representative of the human ear’s response. It reduces the effects of
the low with respect to the frequencies centered around 1000 Hz. The resultant sound level is

190f35



VERSIEN 1.0 CRITERIAFOR SITING WIND TURBINES T PREVENT HEALTH RISKS FRONM SOUND  2/30/1008
Georga W. Kampearman, y.e and Richard R. James, e

said to be “A-weighted” and the units are “dBA.” Sound level meters have an A-weighting
network for measuring A-weighted sound levels (1BA) meeting the characteristics and
weighting specified in ANSI Specifications for Integrating Averaging Sound Level Meters, 51.43-
1997 for Type 1 instruments and be capable of accurate readings (corrections for infernal noise
and microphone response permitted) at 20 dBA or lower,

“Background Sound (L) refers to the sounds that would normally be present at least 90% of the
time. Background sounds are those heard during lulls in the ambient sound environment. That
is, when transient sounds from flora, fauna, and wind are not present. Background sound levels
vary during different times of the day and night. Because WES operates 24/7 the background
sound levels of interest are those during the quieter periods which are often Uie evening and
night. Sounds from near-by birds and animals or people must be excluded from the background
sound b2st dala.

Background sound level (dBA and dBC (as La)) is the sound level present tor at least 90% of the
time during a period of observation that is representative of the quiet ime for the soundscape
under evaluation and with duration of ten {10) continucus minutes. Several contiguous ten {10)
minute tests may be performed in one hour to determine the statistical stability of the sound
environment. Longer term tests, such as 24 hours or multiple days are not appropriate since the
purpose is to define the quiet time background sound level. Itisdefined by the Lsys and L
descriptors. [t may be considered to be the quietest one {1) minute during a ten (10) minute test.
Ljoa results are valid only when Ligs results are no more than 10 dBA above Ly for the same
time period. Lioc less Lac should not exceed 15 dBC to be valid.

Measurement periods such as at dusk when bird and insect achvity is high or the early morning
hours when the “dawn chorus’ is present are not acceptable measurement times. Further,
background Leo sound levels documenting the pre-construction baseline conditions should be
determined when the ten minute average wind speed is 2 m/s {4.5 mph) or less at the ground
level/microphone location.

“Blade Passage Frequency” (BPF} means the frequency at which the blades of a turbine pass a
particular point during each revolution (e.g. lowest point or highest point in rotation) in terms of
events per second. A three bladed turbine rotating at 28 rpm would have a BI'F of 1.4 Hz. [E.g.
((3 biades times 28rpm)/ 60 seconds per minute = 1.4 Hz BFF)]

“C-Welghted Sound Level {dBC)” Similar in cdncept to the A-Weighted sound Level (dBA) but C-
weighting does not de-emphasize the frequencies below 1k Hz as A-weighting does. It is used
for measurements that must include the contribution of low frequencies in a single number
represanbing the entire frequency spectrum. Sound level meters have a C-weighting network for
measuring C-weighted sound levels (dBC)meeting the characteristics and weighting specified in
ANSI 51.43-1397 Specifications for Integrating Averaging Sound Level Meters for Type 1
in}smunc:nts,

“Decibal (dB)" A dimensiondess unit which denotes the ratio between two quantities that are
propartional fo power, energy or intensity. One of these guantities is a designated reference by
which all other quantities of identical units are divided. The sonnd pressure level (Lp} in
dzcibels is equal to 10 times the Jogarithm {to the base 10) of the ratio between the pressuze
squared divided by the reference pressure squared. The reference pressurc used in accustics is
20 MicroPascals.

“Frequency” The nuimber of oscillabons or cycles per unit of time. Acoustical frequency is usually
expressad in units of Hertz (Hz) where one Hz is equal to one cycle per second.
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“Meight” means the total distance measured from the grade of the property as existed prior to ihe
construction of the wind energy system, facility, tower, turbine, or related facility at the base to
its highest point.

"“Hert: (H2)" Frequency of sound expressed by cycles per second.

“Impulsive Sound” refers to short-term acoustical impulses typically lasting less than one second
each. It may be the only sound emitted fron a noise source or it may be a component of 2 more
complex sound. For evaluation of wind turbines, irnpulsive sound includes swishing or
thunping sounds.

“Infra-Sound” sound with energy in the frequency range of 20 Hz and below is considered to be
infrasound is normally considered to not be audible unless in relatively high amplitude. The
mosit sigaificant exterior noise induced dwelling vibration accurs in the frequency range
between 5 Hz and 50 Hz. Moreover, even levels below the threshold of audibility can still cause
measurable resonances inside dwelling interiors. Conditions that support or magnify resonance
may also exist in human body cavities and organs under certain conditions, although no specific
test for indrasound is provided in this docurnent, ils presence will be accounted for in the
comparison of dBA and dBC sound levels for the complaint test provided later in this document.
See low-frequency sound (LEN) for more information.

“Low Frequency Sound [LFN)” refers to sounds with energy in the lower frequency range of 20 fo
200 Hz. LFN is deemed to be excessive when the difference between a C-weighted sound
pressure level and an A-weighted sound pressure level is greater than 20 decibels at any
measurement point cutside or inside a noise sensitive receptor site, residence, or other occupied
structure. E.C. C-A>20 dB.

“Measurement Point {MP)” means location where sound and/or vibration measurements are
taken such that no significant obstruction blocks sound and vibration from the site. The
Measurament Point should be located so as to not be near large objects such as buildings and in
the line-of-sight to the nearest turbines. Proximity to large buildings or other structures should
ha twice the largest dimension of the structure, if possible.

“Measurement Wind Speed” For measurements conducted to establish the background sound
pressure levels {dBA, dBC, Lso1omin, and etc.) the wind speed at the microphone’s Measurement
Point shall average 2 m/s (4.5 mph} or less for valid background measurements. For valid
measurements conducted to establish the post-construction sound level the wind speed at the
microphone’s Measurement Point shall not exceed 4m/s (9 mph) average and the wind speed at
the WES blade height shall be at or above the nominal rated wind speed. For purposes of
enforcement, the wind speed and direction at the WES blade height shall be selected to
reproduce the conditions leading to the enforcement action while also restiicting wind speeds at

the microphone te 4 m/s (9 mph).

For purposes of models used to predict the sound levels and spund pressure levels of the WES to
b submitted with the Application, the Wind Speed shall be the speed that will result in the
worst-case dBA and dBC sound levels in the community adjacent the nearest WES. For the
purpose of constructing the model the wind direction shall consider the dominant wind
direction for the seasons from the late Spring to early Fall. If other wind directions may cause
levels to 2xcead those of the predominant wind direction at nearby sensitive receptors, these
levels and conditions shall be included in the Application.

“Mechanical Moise”™ means sound produced as a byproduct of the operation of the mechanical
compaonents of a WES(s) such as the gearbox, generator and transformers.
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"Moisz” mears any unwanted sound. Not all noise needs to be excessively loud to represent an
armoyance ot interference.

“Froject Boundary” means the external property boundaries of parcels owned by or leased by Lhe
WES developers.

“Praperty Line” means the recognized and mapped property parcel boundary line.

*Pure Tone” A sound for which the sound pressure is a simple sinusoidal function of the time,
and characterized by its singleness of pitch. Pure tones can be part of a more complex scund
wave that has other characteristics.

“Qualified Indspendent Acoustital Consultant” Qualifications for persons cenducting baseline and
other measurements and reviews related o the application for a WES or for enforcementt actions
against an operating WES include, at a minimum, demonstration of compelence in the specialty
of community noise testing and Full Membership in the Institute of Noise Conirol Engineers
(INCE). Certifications such as Prefessional Engineer (P.E.) do not test for competence in
aroustical principles and measurément and are thus not, without further qualification,
appropriate for work under this document. The Independent Qualified Acoustical Consultant
can have no finandial or other connection to a WES developer or related company.

“Sensitive Receptor” means places or structures intended for human habitation, whether
inhabited or not, public parks, state and federal wildlife areas, the manicured areas of
recreational establishments designed for public use, including but not limited to golf courses,
camp grounds and other nonagricultural state or federal licensed businesses. These areas are
muore likely to be sensitive to the exposure of the noise, vibration, shadow or flicker, etc.
generated by a WES or WESF. These areas include, but are not limited to: schools, daycare
cenlers, elder care facilities, hospitals, places of seated assemblage, non-agricultural businesses
and residences. -

“Sound” A fluctuation of air pressure which is propagated as a wave through air

“Sound Power” The total sound energy radiated by a source per unit time. The unit of
measurament is the watt. Abbreviated as L.,. This information is determined for the WES
manufacturer under Jaboratory conditions specified by [EC 61400-11 and provided to the local
developer for use in computer model constructon. It cannot be assumed that these values

represent the highest sound output for any operating condition. They reflect the operating
conditions required to meet the IEC 61400-11 requirements. The lowest frequency is 50 Hz for
acoustic pow:r (Lw) requirement in IEC 61400-11. This Ordinance requires wind turbine
certified acoustic power (Lw) levels at rated load for the total frequency range from 6.3 Hz to 10k
Hz in one-third octave frequency bands tabulated fo the nearest 0.1 dB. The frequency range of
6.3 Hz to 10l Hz shali be used throughout this Ordinance for all sound level modeling,
mezsuring and reporting.

“Sound Pressure” The instantaneous difference between the actual pressure produced by a
sound wave and the average or barometric pressure at a given pointin space.

“Sound Pressure Level {SPL)” 20 times the logarithm, to the base 10, of the ratio of the pressure of
the sownd measured to the reference pressure, which is 20 micronewtons per square meier. In
equation form, sound pressure level ir units of decibels is expressed as SPL (dB) = 20iog p/pr.

“Spectrura” The description of a sound wave's resolution into its components of frequency an
ampltude. The WES manufacturer is required to supply a one-third octave band frequency
spectru of the wind turbine sound emission at 90% of rated power. The published sound

22 cf 35



VERSICHI 1.0 CRITERIA FOR SITING WIND TURBINES TO PREVENT HEALTH RISKS FROM SOUND  7/30/2003
George W. Kamperman, ye: and Richard R. James, p,c

spectrum is often presented as A-weighted values. This information is used to project the wind
farnt sound levels at all locations of interest. Confirmation of the projected sound specthrum can
be deturinined with a small portable one-third actave band frequency (spectrum) analyzer. The
freguency range of interest for wind turbine noise is approximnately 10 Hz to 10k Hz.

“$tatistical Noise Levels” Sounds that vary in level over time, such as read traffic noise and most
community noise, are commonly described in terms of the statistical exceedance levels Lan,
where Loy is the A-weighted sound pressure level exceeded for N% of a given measurement
ariod. For example, Lypis the noise level exceeded for 10% of the time. Of particular relevance,
are: Laty and Leio the noise level exceed for 10% of the ten (10) minute interval. This is commonly
referred to as the average maximum noise level. Lax and Leso the noise level exceeded for 90%
of the ten (10) minute sample period. The Ly noise level is described as the average minimum
backgzound scund level (in the absence of the source under consideration}, or simply the
background level. Leq is the frequency-weighted equivalent noise level] (basically the average
noise leval). Ttis defined as the steady sound level that contains the same amount of acoustical
energy as the corresponding time-varying sound.
“Tonal sound {(sometimes Pure Tone)” A sound for which the sound pressure is a simple
sinusoidal function of the time, and characterized by its singleness of pitch. Tonal sound can be
simple or complex.

"Wind Energy Systems (WESY" means equipment that converts and then transfers energy from the
wind into usable forms of energy on a large, industrial scale for commercial or utility purposes.
Small scale wind systems of less than 170 feet in height with a 60-foot rotor diameter and a
nameplate capacity of less than 100 kilowatts or [ess are exempt from this definition and the
provisions of this Qrdinance.

"Wind Tubine™ or "Turbine” {(WTi) means a mechanical device which captures the kinetic energy
of the wind and converts it into electricity. The primary components of a wind turbine are the
blade assembly, electrical generator and tower,

Y.  APPLICATION PROCEDURE FOR WIND ENERGY SYSTEMS

A. Any Person desiring to secure a Wind Energy Systems license shall file an application
together with two additional copies of the application with the LGA Clerk.

B. The application shall be on a form provided by the LGA Clerk.

A. information to be submitted with Application:

1. Infonnation regarding the: make and model of the turbines, Sound Power Levels (L..) for each
one-third octave band from 6.3 Hz up through 10,000 Hz, and a projechion showing the expected
dBA and dBC sound levels computed using the one-third octave band sound power [evels (L.}
with appropriate corrections for modeling and measurement accuracy tolerances and directonai
patterns of the WTi for all areas within and to one (1) mile from the project boundary for the
wind speed, direction and operating mode that would result in the worst case WTi sound
emissions.

The grediction model shall assume that the winds at hub height are sufficient for the highest
sound emission operating mode even though the enforcement tests will be with ground level
winds of 10 mph or less. This is to accommodate enforcement under weather conditions where
there is significant difference in the wind speed between ground and hub heights. This condition
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often occurs during summer evenings when wind shear is affected by the reduction in solar
heating of the earth's surface between sunset and sunrise.

The projecion may be by means of computer model but shall include a description of all *
assumptions made in the mode!’s construction and algorithms, 1f the model does not consider
the effects of wind direction, geography of the terrain, and /or the effects of reinforcement from
coherent sounds or tones from the turbines these should be identified and other means used to
adjust the model’s cutput to account for these factors, These results may be displayed as a
contour map of the predicted levels, but should also indude a table showing the predicted levels
at noise sensitive receptor sites and residences within the model's boundaries. The predicted
values must include dBA and dBC values but shall also inchude un-weighted octave band sound
pressure levels from 8 Hz to 10k Hz in data tables.

2. The Town reserves the right to require the preparation of {2) a preconstruction noise survey
for each proposed Wind Turbine location conducted per procedures provided here-in and in the
Appendix showing background dBA and dBC sound levels (Ls qowny) Over one or more valid ten
(10} minute continuous measurement periods prior to approval for the final layout and
construction as part of an environmental study evaluating what impact the project inay have on
sensitive receptors in the vicinity of the proposed WES sites.

a. If any proposed wind farm project locates a WES within one mile of a sensitive

receplor these studies are mandatory. The preconstruction baseline studies shall be

conducted by an Independent Qualified Acoustical Consultant selected by the LGA.

b. The LGA shall hire an Independent Qualified Acoustical Consultant to conduct the
sound study for the LGA as specified in this document. However, the applicant shall be
responsible for paying the consultant’s fees and costs associated with conducting the
study. These fees and cost shall be negotiated with the consultant and determined prior
to any work being done on the study. The applicant shall be required to set aside 100% of
these fees in an escrow account managed by the LGA, before the study is commenced by
the consultant. Payment for this study does not require the WES developer’s acceptance
of the study’s results.

<. If the review shows that the predicted dBA or dBC sound levels exceed the criteria
specified in this document then the application cannot be approved.

3. The LGA will refer the application to the LGA enginger (if qualified in acoustics) or an
indepencdent qualified acoustical consultant for further review and comparison against the
predicted dBA and dBC sound levels supplied with the application. The reasonably necessary
costs associated with the review of the sound study shall be the responsibility of the applicant, in
accord with the terms of this ordinance.

V. TECHNICAL REQUIREMENTS FOR LICENSING

This ordinance is intended to promote the safety and health of the community through criteria
limiting sound emissions during operation of Wind Energy Systems. It is recognized that the
requirernents herein are neither exclusive, nor exhaustive. In instances where a health or safety
concern is known to the wind project developer or identified by other means with regard to any
application for a Wind Energy System, additional and/or more restrictive conditions may be
included in the license to address such concerns, All rights are reserved to impose additional
restrictions as circumstances warrant, Such additional or more restrictive conditions may
include, without limitation (a} greater setbacks, (b) more restrictive noise limitations, or {c) limits
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restricting operation during night time periods or for any other conditions deemed reascnable to
protect the community.

A, Sound.

1. Sound Regulations Compliance: A WES shall be considered in violation of the conditonal
nse parmit unless the applicant demonstrates that the project complies with ail sound level
limits, Scund levels in excess of the lmits established in this crdinance shall be grounds for the
LGA to crder immediate shut down of ali non-compliant WTi.

2. Post-Construction Sound Measurements; Within fwelve months of the date when the project
is fully operational, and within four weeks of the anniversary date of the pre-construction
background noise measurements, repeat the existing sound environment measurements taken
before the project approval. Post-construction sound level measurements shall be taken both
with all WES's running and with all WES's off. At the discretion of the Town, the Pre-
construction background sound levels (Lswoa) can be substituted for the “all WES off' tests if a
random sampling of 10% of the pre-construction study sites shows that background Lua anic
conditions have not changed more than +/- 5 dB {dBA and dBC) measured under the pre-
comstruction nighttime meteorological conditions. The postconstruction measurements will be
reported to the LGA {available for public review) using the same format as used for the
preconstruction sound studies, Post-construction noise studies shall be conducted by a firm
chosen by the LGA. Costs of these studies are to be reimbursed by the Licensee in a similar
manner to that described above. The wind farm developer's own consultant is free to observe
the publicly retained consultant at the convenience of the latter. The WES developer/applicant
shall provide all technical information and wind farm data required by the independent
qualified accustical consultant before, during, and/or after any acoustical studies required by
this decumert and for local area acoustical measurements.

3. Sound Limits
1. Andible Sound Limit
a. No WTi or WES shall be located so as to cause an exceedance of the pre-
construction/ operation background sound levels by more than 5 dBA. The
background scund levels shall be the Lya sound descriptor measured during a pre-
construction noise study during the quietest ime of night (10pm until 4am). All data
sampling shall be one or more contiguous ten {10} minute measurements. Luoa results
are valid when Liga results are no mare than 10 ((BA above Lwa for the same Hme
period and Ljoc [ess Loy is no more than 15 dBC. Noise sensitive sites are to be
selected based on wind development’s predicted worst-case sound emissions {in La
and Legr) which are to be provided by developer.
b. Test sites are to be located along the property line(s) of the receiving non-
participating property{s).
c. A 5dB penalty is applied for tones as defined in [EC 61400-11.
2. 10w Freguency Sound Limit
a. The Lugc and Lagc sound levels from the wind turbine at the receiving property shall
not exceed either:
1} Legc-Looa greater than 20 dB outside any occupied structure, cr

2} A maximum not-to-exceed sound level of 50 dBC {l.soc) from the wind
turbines without contribution from other ambient sounds for properties
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located one mile or more away from state highways or other major roads
or 55 dBC (Luc) for properties closer than one mile,

These limits shall be assessed using the same nighttime and
wind/weather conditions required in 1.a. Turbine operating sound
immissions shall represent worst case sound immissions for slable
nighttime conditions with low winds at ground level and winds sufficient
for full operating capacity at the hub.

3. General Clause
a. Not to exceed 35 dBAr.qt0min within 30 m. (approx 100 feet) of any occupied
structure.
4. Operations Exceeding any of the limits in this section will be considered as proof that the
WES/WTi is non-compliant and must be shut down immediately.

8. Requirements

a. All instruments must meet ANSI or [EC Type I Precision integrating sound level

meter performance specifications.

b, Trocedures must meet ANSI §12.9 Part 3 including the addendum in the Appendix to
this document. Where there are differences between the procedures and definitions
of this document and ANSI standards the procedures and definitions of this
document will be applied. Where a standard’s requirements may conflict with other
standards the most stringent requirement shall be followed.

Measurements for background sound levels must be made when ground level winds
are 2m/s (4.5 mph) or less with wind speeds at the hub at or above nominal

- aperating requirements and for other tests when ground level winds are 4m/s {9
mph). Weather in the night often results in Jow ground level wind speed and
nominal operating wind speeds at wind turbine hub heights.

d. IEC 6£1400-11 procedures are not suitable for enforcement of these requirements

except for the presence of tones.

e

4. Complaint Resclution
1. The owner/operator of the WES shall respond within five (5) business days after notified of
a noise complaint by any property owner within the project boundary and a one-mile
radius beyond the project boundary.

2, The tests shall be performed by a qualified acoustical consultant acceptable to the
cornplainant and the local agency charged with enforcement of this ordinance.

3. Testing shall commence within ten (10) working days of the request. If testing cannot be
iniliated within ten (10) days, the WES(s) in question shall be shut down until the testing
czn be started.

4. A zopy of the test results shali be sent to the property owner, and the [LGA's Planning or
Zoning department within thirty {30) days of test completion.

5. If a Complaint is made, the presumption shall be that it is reasonable. The LGA shall
wulertake an investigation of the alleged operational violation by a qualified individual
imutually acceptable to the LGA.

4} The reascnable cost and fees incurred by the LGA in retaining said qualified individual
shatl be reimbursed by the owner of the WESE.
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b} Funds for this assessment shall be paid or put into an escrow account prior to the study
and payment shall be indepandent of the study findings.

5. Afier the investigation, if the LGA reasonably concludes that operational vielations are
shown to be caused by the WESF, the licensee/operator /owner shall use reasonable efferts
to mitigate such problems on a case-by-case basis including such measures as not
operating during the night time or other noise sensitive period if such operation was the
catse of the complaints.

5. Relmluirsement of Fees and Costs,

Licenses/operator/owner agrees to reimburse the LGA 's actual reasonable fees and costs
incurred in the preparaton, negotation, administration and erforcement of this Ordinance,
including, without limitation, the LGA 's attorneys' fees, engineering and / or consuliant fees,
LGA meeting and hearing fees and the costs of public notices. If requested by the LGA the funds
shall be placed in an escrow account under the management of the LGA. The preceding fees are
payable within thirty (30) days of invoice. Unpaid invoices shall bear interest at the rate of 1%
per month until paid. The LGA may recover all reasonable cosks of collection, including
attorneys!' fees.

' MEASUREMENT PROCEDURES

APPIENDIX TO WIND ENERGY SYSTEMS LICENSING ORDINANCE FOR SOUND

l. Introcluction

The petential impact of sound ard sound induced building vibration associated with the
operation of wind powered electric generators is often a primary concern for citizens living near
proposed wind energy systems (WES(s)). This is especially true of projects located near homes,
residendal neighborhoods, businesses, schools, and hospitals in quiet residential and rural
communities, Determining the likely sound and vibration impacts is a highly technical
undertaking and requires a serious effort in order to collect reliable and meaningful data for
both the public and decision makers.

This protocol is based in part on criteria published in Amierican Naticnal Standards 512.9 -
Quantities and Procedures for Description and Measurement of Environmental Sound, and
$12.18 and for the measurement of sound pressure level cutdoors.

The purpose is to first, establish a consistent and scientifically sound proceduse for evaluating
existing background Jevels of audible and low frequency sound ina WES project area, and
second to use the information provided by the Applicant in its Application showing the
predicted over-all sound levels in terms of dBA and dBC1$ as part of the required information
submitied with the application.

These values shall be presented as overlays to the applicant’s iso-leve! plot plan graphics {dBA
and dBC) and in tabular form with locaton information sufficient to permit comnparison of the
baseline results to the predicted levels. This comparison will use the level limits of the ordinance
ter determine the likely impact operation of a new wind energy system project will have on the

o Calculated from one-third octave band sound power levels (L per IEC 61400-11) provided by the winul
turbine manufacturer covering the frequency range from 6.3 Hz to 10,000 HZ or higher.
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edsting comununity soundscape, If the comparison demonstrates that the WES project will not
exceed any of the level limits the project will be considered to be within allowable limits for
safety and health. If the Applicant submits only partial information required for this comparison
the applicaticn cannot be approved. In all cases the burden to establish the operation as meeting
safety and health limits will be on the Applicant.

Next it addresses requirements for the sound propagation model to be supplied wilh the
applicaidon.

Finally, if the project is approved, this Appendix covers the study needed to compare the post-
build sound levels to the predictions and the baseline study, The level limits in the ordinance
apply w the post-build study. In addition, if there have been any complaints about WES sound
ot low [requency noise emmissions by any resident of an occupied dwelling that property will be
tticluded in the post-build study for evaluation against the rules for sound level limits and
compliar.ce,

The characteristics of the proposed WES project and the features of the surrounding
environment will influence the design of the sound and vibration study. Site layout, (ypes of
WES(s) salected and the existence of other significant local audible and low frequency sound
sources and sensibve receptors should be taken into consideration when designing a sound and
vibration study. The work will be performed by an independent qualified acoustical consultant
for both the pre-construction background and postconstruction sound studies as described in
the body of the ordinance.

H. Instrumentation

All instrurnents and other tools used to measure audible, inandible and low frequency sound
shall meet the requirements for ANSI or [EC Type 1 Integrating Averaging Sound Level Meter
with one-third octave band analyzer with frequency range from 6.3 Hz to 20k Hz and capability
to simultanecusly measure dBA Ly and dBC L. The instrument must also be capable of
measuring low level background sounds down fo 20 dBA. Measurements shall only be made
with the inserument manufacturer's approved wind screen. A compatible acoustic field
calibrator is required with certified % 0.2 dB accuracy. Portable meteorological measurement
requirements are outlined in ANSI512.9 Part 3 and are required to be located within 5in of the
sound measuring microphone. The microphone shall be located at 2 height of 1.2 to 1.5 meters
for all tests unless circumstances require a different measurement position. In that case, the
reasons shall be documented and include any adjustments needed to make the results
correspond to the preferred measurement location.

lil. Measurement of Pre-Construction Sound Environment (Base-lines)

An assessment of the proposed WES project areas existing sound environment is necessary in
order to predict the likely impact resulting from a proposed project. The following guidelines
must be used in developing a reasonable estimate of an area's existing background sound
environment. All testing is to be performed by an independent qualified acoustical consultand
approved by the LGA as provided in the body of the ordinance, The WES applicant may file
objectdons detailing any concerns it may have with the LGA’s selection. These concems will be
addressed in the study. Objections must be filed prior to the start of the noise study. All
mezsuraments are to be conducted with ANSI or IEC Type 1 certified and calibrated test
enquipment per reference specification at the end of this Appendix. Test resulis will be reported
to the LGA or its appointed representative. :
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Stes with No Existing Wind Energy
Systams |Base.ling Sound Study)
Sound level measurements shall be
taken as follows:

The results of the model showing the
predicted worst case dBA and dBC
sound etnissions of the proposed WES
project will be overlaid on a map {or
separate dBA and dBC maps) of the
project area. An example (right) shows
an approximately two (2) mile square
section with iso-level contour lines
prepared by the applicant, sensitive
receptors (homes) and locations
selected for the baseline dBA and dBC
sound tasts whichever are the
conirolling metric. The test points shall
bez located at the property line bounding the property of the turbine’s host closest to the wind
turbine. Additional sites may be added if appropriate. A grid comprised of one (1) mile
boundaries (each grid ceil is one (1) square mile) should be used to assist in tdentifying betwean
two (2) to ten (10) measurement points per cell. The grid shall extend to a minimum of one (1)
mile beyond the perimeter of the project boundary. This may be extended to more than one mile
at the discretion of the LGA. The measurement points shall be selected to represent the noise
sensitive receptor sites based on the anticipated sound propagation from the combined WTiin
the project. Usually, this will be the closest WTi, If there is more than one WTi near-by then
more than one test site may be required.

The intent is to anticipate the Jocations along the bounding property line that will receive the
‘highest sound immissions. The site that will be most likely negatively affected by the WES
project’s sound emissions should be given first priority in testing. These sites may include sites
adjacent to occupied dwellings or other noise sensitive receptor sites. Sites shall be selected to
represent the locations where the background soundscapes reflect the quietest locations of the
sensitive receptor sites. Background sound levels (and one-third octave band sound pressure
levels for the sound measuring consultants file} shall be obtained according to the definitions
and procedures provided in the ordinance and recognized acoustical testing practice and
standards,

All properties within the proposed WES project boundaries will be considered for this study.

One test shall be conducted during the period defined by the months of April through
November with the preferred time being the months of June through August. These months are
normally associated with more contact with the cutdoors and when homes may have open
windows during the evening and night. Unless directed otherwise by the LGA the season
chosen for testing will represent the background soundscape for other seasons, At the discretior
of the LGA, tests may be scheduled for other seasons.

All measurement I:ioints (MPs) shall be located with assistance from with the LGA staff and
property owner(s) and positioned such that no significant obstruction (building, trees, etc)
blocks sound and vibration from the nearest proposed WES site.

& EH N w2 %
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LCurafior of measurements shall be a minimuin of ten continuous minutes for each criferion at
each location. The duration must include at least 6 minutes that are not affected by transient
sounds from near-by and non-nature sources, Multiple 10 minute samples over longer periods
such as 30 minutes or one (1) hour may be used to improve the reliability of the Ly values. The
ten minute sample with the lowest valid Ls; values will be used ko define the background sound.

The tests at each site selected for this shidy shall be taken during the expected "quietest period of
the diy cr night’ as appropriate for the site. For the purpose of determining background sound
characteristics the preferred testing time is from 10pm until 4 am. If circumstances indicated that
a diffecent ime of the day should be sampled the test may be conducted at the alternate time if
approved by the Town.

Sound Jevel raeasurements must be made on a weekday of a non-holiday week. Weekend
mezsuremnents may be taken at selected sites where there are weekend activities that may be
affected by WTi sound.

Measuramen®s must be taken at 1.2 to 1.5 meters above the ground and at least 15 feet from any
reflective surface following ANSI 12.9 Part 3 protocol including selected options and other
cequiraiments outlined later in this Section,

Reporting

1. For each Measurement Point and for each measurement period, provide each of the fotiowing
measuraments:

a. Laeg, Lag, and Lao, in dBA
b. LCeq r L‘]ﬂ. and 1-91}, in dBC

2. A narrative description of any intermittent scunds registered during each measurement. This
may be augmented with video and audio recordings.

3. A narrative description of the steady scunds that form the background soundscape. This may
" be augrmented with video and audio recordings.

4. Wind speed and direction at the Measurement Point, humidity and temperature at time of
measurement will be incdluded in the documentation. Corresponding information from the
nzarest 10 meter weather reporting station shall also be obtained.

Measuraments taken when wind speeds exceed 2m/s (4.5 mph) at the microphone location will
not be considered valid for this study. A windscreen of the type recommended by the
monitoring instrument’s manufacturer must be used for all data collection.

5. Pioyide a rap and for diagram clearly showing (Using plot plan provided by LGA or
Applicant):

+ The layout of the project area, including topography, the project boundary tines, and
araperty lines.

The locations of the Measurement Points.

The minimum and maximum distance between any Measurement Points.

The location of significant lacal non-WES sound and vibration sources.

The dstance between all MPs and significant local sound sources. And,

The location of all sensitive receptors including but not limited to: schools, day-care
centers, hospitals, residences, residential neighborhoods, places of worship, and elderly
care facilities,

L] .- 5 & ¥
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Sites wilth Existing Wind Energy Systems
Two complete sels of sound level measurements must be taken as defined below:

I. One cet of measurements with the wind generator(s) off unless the LGA elects to substitute the
suund data collected for the background sound study collected as part of an earlier baseline
stucly. Wind speeds must be suaitable for background testing.

2, One set of ineasurements with the wind generator(s) running with wind speaed at hub height
sufficient to meet nominal power output or higher and at 2 m/s or below at the microphene
location. Conditions should reflect the worst case sound emissions from the WES project. This
will normally involve tests taken during the evening or night when winds are calm {2m/sec or
less) at the ground surface yet, at hub height, sufficient to operate the turbines.

Sound level measurements and meteorological conditions at the microphone shall be taken and
documented as discussed above. '

Sound level Estimate far Probosed Wind Energy Systems [when addlng mare WTi to existing project)

In order to estimate the sound impact of the proposed WES praject on the existing envirenment
an estimate of the sound produced by the proposed WES(s) under worst-case conditions for
producing sound emissions must be provided. This study may be conducted by a firm chosen by
the WES operator with pversight provided by the LGA.

The qualifications of the firm should be presented along with details of the procedure that will
bz used, sofiware applications, and any limitations to the software or prediction methods.

Provide the manufacturer's sound power level (Lw) characteristics for the proposed WES(s)
operating at full load utilizing the methodology in IEC 61400-1T Wind Turbine Noise Standard.
Provide one-third octave band L., sound power level information from 6.3 Hz to 10k Hz. Furnish
the dafa with and without A-weighting. Provide sound pressure levels predicted for the WES(s}
in combination and at full operation and at maximum scund power output for 2l areas where
the predictions indicate dBA levels of 30 dBA and above, The same area shall be used for
reporking the predicted dBC levels. Contgur lines shall be in incréments of 5 dB.

Present tables with the predicted sound levels for the proposed WES(s) in dBA, dBC and at all
octave band centers (8 Hz to 10k Hz) for distances of 500, 1000, 1500, 2004, 2500 and 5000 feet

from the center of the area with the highest density of WES({s). For projects with multiple
WES(s), the combined sound level impact for all WES(s) operating at full load must be
estimated,

The above tables must include the impact (increased dBA and dBC above baseline Ly
Background sound levels) of the WES operations on all residential and other noise sensitive
receiving locations within the project boundary. To the extent possible, the tables should include
the sites tested in the background study. '

Provide a contour map of the expected sound level from the new WES{s), using 5 dBA and 5
dBC incraments created by the proposed WES(s) extending out to a distance of at least 2500 feet
from the project boundary or the 35 dBA or 50 dBC boundary whichever is greater.

Provide a description of the impact of the proposed sourd from the WES project on the existing
environment. The results should anticipate the receptor sites that will be most negatively
impacted by the WES project and to the extent possible provide data for each MP that are likely
ta be selected in the background sound study (note the sensitive receptor MPs):
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1. Report expacted changes to existing sound levels for Lagy, Lo and Lep, in dBA
2. Repost expacted changes to existing sound levels for Leey, Lie and L, in dBC

3. Report the predicted sound pressure levels for each of the 1/1 octave bands as un-weighted
dB in tabular form from § Hz to 10k Hz.

4. Report all assumptons made in arriving at the estimate of impact, any limitations that might
cause the sound levels to exceed the values of the estimate, and any conclusions reached
regarcling the potential effects on people living near the project area. If the effects of
coherence, worst case weather, or operating condifions are not reflected in the model a
discussion of how these factors could increase the predicted values is required.

5. Include an estimate of the number of hours of operation expected from the propesed WES(s)
and under what conditions the WES(s) would be expected to run. Any differences from the
information filed with the Application should be addressed.

IV, Post-Construction Measurements

Post Construction Measurements should be conducted by a qualified noise consultant selected
by and under the direction of the LGA. The requirements of this Appendix for Sites with
Existing Wind Energy Systems shall apply

1. Within twelve months of the date when the project is fully operational, and withir: two weeks
of the anniversary date of the Pre-construction ambient noise measurements, repeat the existing
sound environment measurements taken before the projact approval. Post-construction sound
level measurements shall be taken both with all WES(s) running and with all WES(s) off except
as provided the ordinance. '

2, Raport post-construction measurements to the LGA using the same format as used for the
background sound study.

3 Project Boundary: A continuous line encompassing all WES(s} and related equipment
associated with the WES project.

V. REFERENCES

ANSI/ASA 512.9-1993/Part 3 (R2008) - American National Standard Quantities and Procedures for
Description and Measurement of Environmental Sound, Part 3: Short-Term Measurements with an

Observer Presant.

This standard is the second in a series of parts concerning description and measurement of
outdoor enwironmental sound. The standard describes recommended procedures for
reasureiment of short-term, time-average environmental sound outdoors at one or more
locations in a community for environmental assessment or planning for compatible iand uses
and for other purposes such as demonstrating compliance with a regulation. These
measureiments are distinguished by the requirement to have an observer present. Sound may be
praduced by one or more separate, distributed sources of sound such as a highway, factory, or
airport. Methods are given to correct the measured levels for the influence of background sound.
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For the purpluses of this ordinance the options that are provided in ANSI 512.9-Part 3 {2008) shall
be applied with the additional following requirements:

Wind TurbIne 5iting Acoustical Measurements
ANSI 512.9 Part 3 Selaction of options and other requirements

5.2  batkground seund: Use definition (1) Tong-tarm’

5.2 long-terin background sound; The Lsg excludes short term background sounds

54  basic measurernent period: Yen {10} minutes Layyg mn

5.6 Sound Measuring Instrument: Type 1 integrating meeting ANSI 51.23

6.5 Windscreen: Reguired

7.1 Long-term background sound

7.2 Data collection Methods: Second method Observed samples to avord contamination by short term sounds
{purpose: to avoid loss of statistical data)

8 Source(s) Data Collection: All requirements in ANSI 512.18 Method #2 precision to the extent possible
while still permitting testing of the conditions that lead to complaints.

8.3{2) Al mazteorological observations required at both (not either) microphone and nearest 10m weather
reporting station.

B.3(b] For a 10 minute sound measurement ta be valid the wind velocity shall not exceed 2m/s {4.5 mph)
measured less than Sm from the microphone, Compliance sound measuremants shall nat be taken when
winds exceed 4my/s.

B.2{c) In additian to the required acoustic calibration checks the sound measuring instrument internal noise
floor must also be checked at the end of 2ach series of ten minute measurements and no less frequently
than once per day. Insert the microphone into the acoustic calibrator with the calibrator signal off.
Record the observed dBA and dBC reading from the sound lavel mater or other recording instrumeant to
determine an approximatian of the instrument self noise. This calibrator covered microphone must
demonstrate that the results of this test are at [east 5 dB below the immediately previous ten minute
acoustic test results for the acoustic data to be valld, This test is necessary t¢ detect undesired increasa in
the microphene and sound level meter internal self noise. As a precaution sound measuring
instrumentation should be removed from any air conditioned space at least an hour before use. Nighttime
measurements are often performed very near the dew point. Mincr meisture cendensation inside a
microphone or sound level meter can increase the instrument self noise and void the data.

8.4 t3 the end: The remaining sections of ANS1 5129 Part 3 Standard do not apply.

ANSI $12.18-1994 (R2004) American National Standard Procedures for Qutdoor Measurenent of Sound
Pressure Lavel

This American National Standard describes procedures for the measurement of sound pressure
levels in the outdoor envirorunent, considering the effects of the ground, the effects of refraction
dge to wind and temperature gradients, and the effects due to turbulence, This standard is
focused on measurement of sound pressure levels produced by specific sources outdoors. The
measured sound pressure Jevels can be used to calculate sound pressure Jevels at other distances
from thz source or to extrapolate to other envirorumental conditions or to assess compliance with
regulation. This standard describes two methods ko measure sound pressure levels outdoors.
METHOD No. 1: general method; outlines conditions for routine measurements. METHOD No.
2; precision method; describes strict conditions for more accurate measurements. This standard
assumes the measurement of A-weighted sound pressure level or time-averaged sound pressure
level ar cctave, 1/3-octave or narrow-band sound pressure level, but does not preclude
determination of other sound descriptors.
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ANSI $1.43-1337(R2007) American Natlonal Standard Specifications for Integrating Averaging Sound
Lavel Melars

This Stzndard describes instruments for the measurement of frequency-weighted and tme-
average sound pressure [evels. Gptionally, sound exposure levels may be measured. This
standard is consistent with the relevant requirements of ANSI 51.4-1983(R 1997) American
National Standard Specification for Sound Level Meters, but specifies additional characteristics
that are necessary to measure the time-average sound pressure level of steady, intermittent,
fluctuating, and impulsive sounds.

" ANSI 51.11-2004 American National Standard 'Specification for Octave-Band and Fractional-Dctave-
Band Analag and Digital Filters'

This standard provides performance requirements for analog, sampled-data, and digital
implementations of bandpass filters that comprise a filter set or spectrum analyzer for acoustical
measurements. It super-sedes ANSI 51.11-1986 (R1998) American National Standard ’
Spevification for Octave-Band and Frac-ticnal-Octave-Band Analog and Digital Filters, and isa
counterpart to International Standard [EC 61260:1995 Electroacoustics - Octave-Band and

ractional-COk tave-Band Filters. Significant changes from ANSI 51.11-1986 have been adopted in
o-der to conform to most of the specifications of IEC 61260:1995, This standard differs from IEC
£61260:1995 in three ways: (1) the test methods of IEC 61260 clauses 5 is moved o an informative
ann2y, (Z) the term 'band number,’ not present in IEC 61260, is used as in ANSI 51.11-1986, (3)
references to American National Standards are incorporated, and (4) minor editorial and style
differerices are incorporated.

ANSI 51.44-2006 American National Standard Specifications and Verification Procedures for Sound
Calibrators

IEC 61200-11

Secorud editon 2002-12, Amendment1 2006-05

IEC 61400-11

Second edition 2002-12, Amendment1 2006-0

Wind turhine generator systems —Part 11: Acoustic noise measurement techniques

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency and accuracy in the measurement and analysis of acoustical emissions by wind
turbine generator systems. The standard has been prepared with the anticipalion that it would
b= applied by:

¢ the wind turbine manufacturer striving to meet well defined acoustic emission periormance
requirements and /or a possible declaration system;

+ the wind turbine purchaser in specifying such performance requirements;
the wind turbine operator who may be required to verify that stated, or required, acoustic
performance specifications are met for new or refurbished units;

¢+ thewind turbine planner or regulator who must be able to accurately and fairly define
acoustical emission characteristics of a wind turbine in response tc environmental
regulations or permit requirements for new or modified installations.
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This standard provides guidance in the measurement, analysis and reporting of complex
acoustic ermissions from wind turbine generator systems. The standard will benefit those parties
involved in the manufacture, installation, planning and pennitting, operation, utilization, and
regulation of wind turbines. The measurement and analysts techniques recommended in this
document should be applied by all parties to insure that continuing development and operation
of wind turbines is carried out in an atmosphere of consistent and accurate communication
relative to environmental concerns. This standard presents measurement and reporting
provedures expected to provide accurate results that can be replicated by others,

ENID OF PROCEDURE
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ABSTRACT

Mechanoreceptive hair-cells of the vertebrate inner ear have a remarkabde sensitivity 1o displacement,
wherher excited by sound, whole-body acceleratdon o substrate-borne vibration. kn reponse 1o seismic
or substrate-borne vibration, thresholds for vestibular alferent fibre activaion have bzen reported in
anamnictes (fish and frogs) in the ange —120 to —904dB re 1g. In this arile. we demonsirale for the
first time that the human vestibolar system is also exiremely sensitive 10 Jow-frequency and infrasound
vibrations by making useof a new technigue for measuring vestibular acrivation, via the vestbulo-crular
reflex (VOR). W {ound a highly runed response to whole-head vibratian in the rransmastoid plane with a
best frequency of about 100 Hz At the best frequency we obtaingd VOR responses at intensities of lass than
—70dB re 1 g, which was 154B lowver than the threshold of hearing for bene-conducted sound in humans
at this frequency. Given the likely symaptic attenuation of the YOR pa[hway. human receptor sensitivity
is probably an order of magnitude lower, thus approaching the seismic sensitivity of the frog ear. These
vesults extend our knowledge of vibration-sensitivity of vestbular afferanrs bur also are remarkable a5
they indicate that the sefsmic sensitivity of the human vestibular system exceeds that of the cochlea far

r-.;l’-«-- LI Y

low-fraquencies.

© 2008 Elsevier Irzland Ltd. All rights reserved.

The ctolicth organs. th* sacculus, utriculus and lagena, primarily
respond o whole-body acceleration or £ilr in gravity [9]. In fish
these also 2 e important zuditory structures for acoustic near-field
{ particle moticn} sensiang [13,17]. Several studies have delermined
behavioral particle moton audiograms for non-specialist species of
fish, ¢.g. the cod, plaice and dab | 4], These have indicated that the
region of best sensitivity lies between 40 and 120 Hz, with thregh-
old acceleration values of about — e 12 at BOHz, Daring
the course of evolution the amnicte car developed new structures
for far-field (sound pressure) hearing in air, including the basilar
pamlla and the mammalian cochlez 6],

It haz been established, however, that the otolith organs in
terresicial vertebrales have conserved a particular sensicivity
substraiz- or bone-conducted seund [2.15,16,22] consistent with
their function as near-field sound sensarsin fish | 4].4n some species
of froz thie saccule shows a fish-like band-pass response to acceler-
ation with best frequzncies between 20 and 163 Hz and thrasholds
bavween —90 and - 12CGdB re 1 g, while others show a low-pass
respense Wwith best frequencies at 10-20Hz | 14]. Sensitivity to
audig-fraquency vibradon has also been demonstrated in mam-
muil:an vestibular organs. In the monkey [27] besc frequencies were
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between 125 and 177 Hz, with phase-lacking threshold as low as
—80dBre 1g, and in the guinea-pig at 300Hz threshalds were 10 dB
above the ABR threshold [3]. At present. however, no such thresh-
oid measurements have been obtained for the human vestibular
system and this was the aim of our study.

Non-invasive assessment of human vestibular sensitivity can be
accomplished by mezsurement of the powerful vestibulo-ocular
reflexes {VOR) to head acceleration. The VOR prormally serves to
maintain eye gaze with head tilt or rotation and its main effects are
medlated by a simple three-neuren arc connecting the veseibular
portion of the 8ch nerve to the motor neurones of the exrraocu-
lar muscles [1). In response to stimull such as head movements,
reflex activity otcurs in the extraocular muscles. producing a com-
pensatory sye movement, By placing surface electrodes around the
eyes, synchonous muscle activity can be recorded in the form of
veular vestibular evoked myogenic potentials (OVEMPs} |23,25).
These responses are vestibular, rather than cachlear. in origin as
they are presentin deaf patlents bur are absentin patients withloss
of vestibular funcrion [ 18,24 ). We aimed to measure the tuning and
sensitivity of OVEMPs to whole head vibration in the transmastoid
plane.

Four volupreers {2 females and x males between 31 and 52
years of age) with no auditory or vestibular deficits were stim-
ulated using sinusoidal acceberations berween 12.5 and B00Hz
(12.5, 25. 50, 100, 200, 400 and 800 Hz}. The subjects were seated
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[ will add that your pre-turbine background sound levels (LA} were probably
even lower than 25 dB if measured carefully. [ routinely fird background snund
levels in the range of 18-25 dBA in rural settings not located near highways that

are busy at night.

On the topic of Hearing loss, the most sensitive people start to show hearing loss
when the average sound level over a typical day is consistently over 70 dBA for
years at a time. The 90 dBA limit for an eight (8) hour work-shift was set back in
the 1960's under the assumption that the work hours would have 16 hours of
“quiet-time” between each work day for the ears to recover before being
assaulted by noise again. If they were to be revised today they would be
considerable lower than 90 dBA. Probably 80-85 dBA. Further, the mechanism
of harm from wind turbine sounds (see Pierpont for details
www.windturbinesyndrome.comy is different than the mechanism that causes
norimal noise-induced hearing loss.

The first form of harm from wind turbine noise is economic and asthetic. The
cutdoors near homes within about a mile of a wind turbine has sound levels of
45-55 dBA. This is no longer the natural sound of the outdoors in a rural
setting. That is, the wind turbine noise masks the normal soundscape and so the
sounds of nature which were present 24/7/365 are now covered by the noise of
the whooshing wind turbine blades. This has an annoyance effect and thus
limnits the use of outdoor properties since the soundscape that made the rural
home’s outdeors “special” has been destroyed. With wind turbines in place an
outdoor walk or party is not much different than if one lived near a busy
highway in an urban area. It is not a stroll through nature anymore. Sitting
around at an outdoor party is not the same either. Instead of listening to the
sounds of nature that make the outdoors so refreshing and enjoyable like the
birds, tree frogs and other sources of natural ambient sound; one hears wind
turbines. Thus, whatever economic and psychological assets one has in a
‘country home” are lost. This is reflected in lower property values and loss of
use of one’s property for the purposes it was originally purchased. Thus, the
outdoor noise from wind turbines does harm a local property owner both
economically and psyi:hologically primarily due to annoyance at the loss of the
pre-turbine conditions and being forced to “live” with the same negatives as
suburbanites without any of the benefits of suburban tiving (if there are any).

The second form of harm is that the sound of the wind turbines can easily
penetrate modern wood frame homes with little or noloss in intensity. Inside
one’s home, especially with windows closed, the wind turbine sounds are
predominantly the lower frequency sounds. Most homes, especially at night
when appliances and entertainment equipment are off, are much quieter than
the outside. | have measured bedrooms in homes near highways where the



nighttime sound levels are less than 20 dBA. 1 have measured sound levels of
less than 30 JdBA inside bedrooms during the daytime, with windows open, a
TV on in a room down the hall, and with the refrigerator running in the kitchen.
This quiet interior condition can lead to the wind turbines seeming to be as
noisy ot even noisier inside a home than outside. The wind industry likes to say
that a turbine is no louder than a conversation or a refrigerator. While they may
be able to paint to data to support that statement (carefully cherry-picked data)
they do not continue their ‘example’ by asking how many people would like to
have a refrigerator in their bedroom or a conversation being held right outside
their bedroom window every night. This is explained in more detail in the “The
‘How tv'... Guide” by Mr. Kamperman and James available on Dr. Pierpont’s
web site, but to sum it up, the wind turbine sound inside a home leads to sleep
disturbance. People who are subjected to repeated sleep disturbance find that it
leads 1o physical and mental health risks that are not trivial and if not address
can lead to permanent pathologies that affect one’s quality of life and other
aspects of overall health. The group most at risk includes children, especially
those six and under; people with pre-existing health issues, especially if that
includes sleep disorders; and seniors who are healthy but susceptible to sleep
disturbance., One only needs to look at how many commercials are for products
to help get a good night’s sleep to understand that this ‘sensitive” group is not
small, it ray even be a majority of those who are young or old.

The third form of harm is from the very low frequency sounds that are generally
in-audible, even inside a home, but may be perceived as a vibration or physical
movement of a body organ, like the chest cavity, heart or eyes. The very lowest
frequency sound emissions from wind turbines (0 Hz to about 50 Hz) penetrate
all home walls and roofs without any attenuation. This frequency range is also
where the majority of the acoustic energy is located in the wind turbine sound.
Compared to other health issues, very little research has been done on how low
frequency sound, at the levels found in homes near wind projects, affects health
over long periods of time. Most other sources of similar low frequency sound
are not part of the normal sourxlscape in residential areas on a 24/7/365 basis.
Further, these low frequency sounds can interact with the shape and size of
interior roorns resulting in a resonant condition where the sound energy from
the wind turbines builds up to levels that can be significantly higher that what
would be measured if the room did not resonate. Thus, each home has its own
impact on how intense the low frequency energy may be inside and it can vary
from room to room in the same home.

What research has been done has been primarily for the military such as the Air
Force and Navy where the large airplanes and ships may subject some or all of
the occupants to sustained exposure to very low frequency sound. The research
that has been done on homes affected by wind turbine’s has been primarily by



Mariana Alves-Pereira and the VAD Team (Portugal, see attached document for
current status of studies) and Dr. Nina Pierpont (web version of study available
at www.windturbinesyndrome.com). There are several other studies that are
less rigoreus, but all of them are indicating that there is a relationship between
long term exposure to wind turbine sounds and the health of the people who are
living closer than 1 mile from the wind projects. At this time, the suspected
cause is the low frequency energy (0-50 Hz, maybe up to 100 Hz) which carries
both the bulk of the acoustic energy from wind turbines and also is not reduced,
and may be amplified, by modern home construction.

Please read the web version of Dr. Plerpont’s work for the details. Tt should be
noted that Dr. Pierpont’s prior work was discounted by the wind industry (not
the medical community, just the pro-wind non-medical promoters} on the basis
that it was not “peer’ reviewed. This new study has been thoroughly peer
reviewed and the comments of the peer reviewers are both favorable and
available as part of the published study. At this time, it is no [onger true to say
there is no evidence that wind turbines cause health risks. That position, often
stated by the wind industry, is not longer supportable given the work of Dr.
Pierpont, the VAD tearn, and others. This means that wind turbine siting
should include oversight from the State’s Public Health agency. The risks to
public health from wind turbines are well enough established that your local
public health agency and your local doctors should be involved in developing
any siting standards. It also means that attempts by the wind indusiry to get
setbacks of anything less than one mile are ignoring current medical research.
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